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SECTION 1

SUMMAR Y
14

1.1 INTRODUCTION 
-

Except for such missions as the Apollo moon landing and Skylab programs, most space
missions have been carried out using automated spacecraft controlled from the ground.

The advent of the shuttle again introduces the possibility of mission roles for man in

• space. The shuttle carries free flier and sortie payloads. (See Figure 1—1) Free
1. fliers are those payloads which are transported into space and deployed from the shuttle

to become typical automated spacecraft. Sortie payloads are transported Into space but

remain attached to the shuttle during their total mission life. These sortie missions

of up to 30 days are exemplified by the NASA Spacelab missions , with a manned Habitat

or with equipment mounted on cradles In the~Orbiter cargo bay. This latter mode is

of primary Interest since it allows for experimental proofing flights of DOD equipment

- being developed for use on automated spacecraft. Other studies such as Reference 1

- 
have shown this mode of test ing to be an economical approach as compared to testing

- on automated spacecraft either as primary or “piggy-back ” payloads . The sortie

payload mode can also be used for operational missions . 
-

This study analyses the use of man In support of shuttl e sortie missions with

payloads mounted on the Standard Test Rack (defined in Reference 1) in the Orbiter

cargo bay. (See Figure 1-2) A group of candidate STP payloads , represent ing

• a cross—section of all STP payloads , was selected to be used to provide baseline
- payloads operational requirements . These payload requirements were analyzed and the

• 
• 

.. operational activities ~dent 1fled. The performance of these activities was assigned
• 

• to man or to automated equipment using a criteria developed to evaluate each funtion. A

typical manned activity time line was developed for a specific payload combination

and specific manned activities were defined . In parallel with these manned activi ty
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analyses, the equipment required by man to operate and control the DOD payloads

was analyzed. Requirements were determined , existing equipment surveyed (including

DOD and NASA control equipment), and the Orbiter and the AFT Flight Deck (AFD)

Interface s and restra ints were evaluated . From these analyses and evaluations ,

• a controls approach and the needed equipm ent were defined.

The study task flow Is shown in Figure 1-3 .

1.2 STUDY OBJECT WES

The objectives of this study are:

1. To determine the role of man in operating DOD

payloads on shuttle sortie missions.

2. Define the existing and/or new equipment required • 

-

by man to control and operate payloads.

Twelve STP•payloads were used to derive automated manned tasks to carry out the

study objectives. 
• 

•

1.3 STUDY APPROACH

In a totally automated system, all functions are performed by equipment. The

actions are preprogrammed to be Initiated by a sensor input or a sequence timer

device. All data acquisition , analyses , decision making and subsequent actions

are performed by equipment.

A manned system or man-in-the loop mode of operation results when man is sub-

stituted for some of the equipment. Man may be In space or on the ground.

Man is a “superb” “black box” and can give the following advantages:

1. Great flexibility in performing a large , variety of tasks

-
~~~~ 2. Innate adaptive intelligence to utilize his flexibility.

4
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3. The analyses he can do is limited only by the tools provided .

The real trade-oils between man and equipment are:

1. Limitations of man and machine. Some tasks can be done only by

• man; some only by equipment .

2. Cost. Even though costs of automating have been lowered by orders

of magnitude in the last 2 decades , the cost of the man-in-the-loop

mode for some current missions has been shown to be lower than

for the fully automated by analyses mode. This is due to the cost of

software and its Integrat ion using present day hardware and techniques.

This study considers the use of man to operate and control various types of payloads

from.th e Payload Specialist Station (PSS) on the AFT Flight Deck. Extra Vehicular

• Activity ( EVA) is not included as a normal scheduled activity (where man uses his

muscle power to accomplish payload functions , i.e. , unlatch ing and erect ing a

column-mounted sensor from a stowed position to an operating position). Such EVA
activities are considered as contingency emergency actions. In this study man

uses his mental capability to evaluate data and make decisions and to take actions
• which Initiate payload equipment activity. The additional hardware needed by man

to acquire and evaluate data , and to initiate payload equipment activi ty is called

Flight Support Equipment (FSE). It is this FSE which is the subject of the payload

control equipment task In this rep ort.

6 
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SECTION 2

CONCLUSIONS AND RECON~~NDATIONS

2. 1 Conclusions

The purpose of the STP payload missions is to provide scientific data and that which verifies
the performance of equipment or concept . Sky lab experience showed that in orbit , manned

con tro l capability should be maximized for long time operations for missions

requiring day-to-day or orbit-to-orbit data evaluation and action planning . Such

contro l increased the quantity and qua lity of the data obtained and improved the

chance of mission success.

The maj or conc lusion of this study is that there is a significant role for man in

certain STP payload programs . Although not required on every mission, a significant

number of missions have operation charact eristics that allow man-in-the-loop to

perform payloads control activities , generally at a lower cost than totally

automated payloads.

A second important conclusion is that cr ewmen should use a dedicated payloads

cont rol syst~~i provided on the AFD to control and operate payloads in the Orbit er

bay . Thi s allows for flexibility and ease of integration . Predicted lower costc •

pa rticularily make this a desired approa ch .

A au~~ary of the conclusions reached in this study are conta ii~ed in Tab le 2-I.

2. 2 B.ecomaen datio ns

• The following tasks are recouinen ded to initiate activity in establishi ng the

J L. depth of man ’s role and defini ng the equipment r equirements leading to developm ent



TabLe 2-1 Conclusions of Manned Interface Stud y

MA JOR CONCLUSIONS •

• NAN CAN PLAY A SIGNIFICANT ROLE IN CONTROLLING AND OPERATING
SI? PAYLOADS

• A DEDICATED CONTROL SYSTEM IS THE BEST MODE FOR PAYLOA D
OPERATION AND CONTROL

OTHER CONCLUSIONS F

• MANNED USAGE IS A FUNCTION OF
- COST
- UNIQUE PAYLOAD PERFORMANCE REQUIBE)ENTS
- OREITER RESTRAINTS

• COST DRIVERS ARE
- SOFTWARE
- SOFTWARE INTEGRATION MANNED VS ATYIOM&TED
- TRAINING . TRADEOFF
- EQUIP)~ NT J ‘ • • 

•

. IUS ANT) TELEOPERATOR CONTROLS PRESENT BEST POTENTIAL FOR
PAYLOAD CONTROL COM~1)NALITY

• EXISTING DESIGN EQU~PIENT OPTION S ARE AVAILABLE TO ASSE~~LE
• INTO A DEDICATED 3Y$TEN D C3NTR OL SYSTEM - 4II~

of SI? Pay loads- Control and Operati ng Equipment (PCCE) .

• Task 1 Define payload operating requirements using a Survey form pre par ed
• 

- for that purpose

2 Perform mission analyses using the pay load requ irements to determine 
L -

the potentials for flights planned Shuttle missions , potential for
iailtiple pay load flights , etc.

3 Investigate the IUS and Teleoperator systems in depth

4 Define and cost a system with specific hardware , Orbiter interface and 1 ’
STh inte rface definitions

5 Perfo rm an auto mated versus manned control study with cost tradeoffs .

These tasks should result in a definition of the depth and frequency of PCOE
r

usage and the direction to be taken with regard to hardware and caimnonality with

other syst~ na.

4 . 
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t I• SECTION 3

• I MANNE D INTERFACE WITH STR PAYLOADS

.0 3.1 INTRODUCTION

• The Orbiter , by virtue of being a manned vehicle , provides a unique resqurce

to accomp lishing STP payload mission objectives. A trained and skilled crewman ,

can effectively augment the STP payload systems resulti ng in an increase in
pay load return without a prop ortiona l increase in cost.

A real time man-in-the-loop on orbit system offers opera tiona l benefits

- 
such as :

• 
. 

o Target recognition

• o Quic k look data analysis

o Rea l time ground /flight interactions

o Equip ment adjustment

o Equip ment inspection

o Conti ngency operations ana lysis and investigation

o Ha rdware configuration changes

I! 
• 

o Equip ment manipulation /assemb ly

o System deplo yment support

o App lication software modifications

o Ope rationa l mode se lection

o Etc.

To determine the app licab le areas of manne d interaction s with respect to

the pot ential benefits ava ilable for the STP missions , 16 payloads

i•.

I ‘

~~ 

• 

. 

_________

I ~~~~~~~~~~~~~~~~~~~ —•~~ —~~~- - -• ~
__ __

~~~ ._•t •___ 
~~.••~~~~~~~~~~~~~ —- - - _ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

identified for STR Interface and orbital support, were selected for the manned

Interface assessment. A typical mission sequence was developed which Identified

the mission by operational phase and further Identified each phase by Its basic

activities to determ ine the applicable areas of operational activities. An assessment

logic was developed to accommodate the available Information describing each payload ,

and to determine those activities appli cable for inRnned Interaction or automated

operation.

For the purposes of this study, contingency/ma lfunction activities were not addressed.

• These activities are highly dependent on the specific design of each payload and are

the result of FMEA’ s, Failure Reports, System Functional Assessments and Test

Results which become available through the course of the payload fab/test cycles.

V

3.2 STR PAYLOADS

Sixteen payloads were Identified for assessing the manned In%erfaces required during

their on-orbit phase of an Sm shuttle flight. These payloads consisted of FARUV ,

BMD, PDMM , SLED , ROMS , SEXTANT , LRT, HIR ISE, ATLAS, PRAT , LASSU,

XUV, OGAO , OCMD and a deployable spacecraft (see Page 11). Of the 16 payloads ,

there was In sufficient data available to perform the manned interface assessmen t

for the PDMM and ROMS payloads. Theref ore , they were excluded from the study.

Additionally, since a deployable spacecraft Is Incor porated in the SLED and LASSII

payloads , the Independant deployable spacecraft was eliminated from the list of

payloads since the operational requirements would be redundant. The remaining

12 payloads constitute the basis for the manned interface assessment. Table 3.2—1

itemizes those payloads and provides a brief descr iption of each payload and its

operational objective .

10
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I
f List of Payloads

• T FARUV - Far Ultra-Molet Camera
BMD - Ballistic Missile Division - Shuttle Target Measurement

-
~~ Program

PDMM - (unimown)

SLED - Space Laser Experiment Development

• • ROMS • - Remote Ocean Measurement System

SEXTANT - Space Sextant

- F LRT - la.sercom Receiver Test

- HI~ISE - Geothermal Earth Targets infrared Imaging System .

ATLAS - Atmospheric Topside Laser Sounder

• PRAT — Precision Release Accuracy Test

- LASSU - Low Altitude Study of Ionospheric Irregularities

XUV — Extreme Utra—Violet Eavlronment

OGAO - Optical Geophysics and Astronomical Observatory

• - OCMD - Optical Countermeasures Demonstration

I--

1OA

__________  ______________________



I TABLE 3-1 STR BASELINE PAYLOADS

.2
• 

~* Payload Brief DescriDti on

- 
VAR UV The experiment consists of two orbiter bay mounted Schmidt Cameras

having different wavelength sensitivities and fine pointing capability .

J Payload data will be recorded on film for ground based analysis .

Data will consist of imagery and -photometry of naturally——occurrin g

and man made emission phenomena in near earth apace.

BI l) The experiment equipment will primarily be an orbiter bay mounted
V

• optical sensor designed for obtaining detailed measurements of optica l

signatures of exoatmoepheric targets of interest to the Bu D System. Data

wifl be recorded on board and also downlinked to the ground .

SLED The experiment configurati on wifl be a combination of an orbiter released /

retrieved free flying spacecraft and an orbiter mount ed laser optical system .

J - 
The spacecraft acts as a cooperative target for orbiter based laser

experiments in addition to ground originated laser exp eriments. DatA is

recorded on the free flytug 8pacecraft wi th additiona l opera tio al data

downlinked to the ground .

SEXTP~NT This experiment is pri marily an autoit~ated payload designed to demonstrate

1 the feasibility of auto nomous satellite navigation and inertial attitude

I .  deter mination using a two-telescop e orbiter mounted instrument. The

instru ment is basically designed for non-manned spacecraft and incorporates

a mini cosçuter , fault tellerant ca~~ut .r and special electronics.
Data will be dovnlink.d to the ground or temporarily stored on board

if required.

- 

11 -
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TABLE 3-1 STR BASELINE PAYLOADS (cont ’d)

Payload Br ief Descri stign

LRT The LRT is a cosmunicat ians exper iment consisting of an orb it.r mount.d
- 

laser directed to a receiving satellite at synchrono us alticud. . Data

tr ansmitted up to the satellite will be retransmitted cm another acer

frequency to the orbiter and received by a laser optics module. Data

viii be compa red and the error recorded on an on-board tap. recorder .

HIRISE Thu experiment ’s primary inst rument is a $i~~altsd opttcst system

mounted in the orbiter bay and is designed to collect da ta - for character-

ising geotherm al sites on a global basia. Data collected from selected

sites will be process ed and stored in an on board storage nodule.

ATLAS The Atlas Experiment ii an operationa l application snd demonstratio n of

the performance of a topside lacer sounder in measuring the atc ~osph.rt c

density and aeroso lin the upper troposphere and •tr rt osphsr .. The

experiment consists of a ruby laser tr.~tsnitter ar.d yoke nounted tet ~ acop.

receiver. Data takes will be conducted during the orbital night phase

with all data recorded on board.

• flAT This experiment is designed as an orbita1 test consisting of Lh. release

of test objects , under controlled conditior.,, to exemin. their detailed

relative trajectories @nd determine the magnitude of their induced r.leas.

p.rturbafions. Data will be telenstered fro. the released objects end

recorded on boar d th. orbiter in addition to hand held high speed

photograp hic data . The released objects are to be recovered at the

- 
conclusion of th. test.

- - - -
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I
TABLE 3-1 STh BASELINE PAYLOADS (cont ’d)

I

I 
Payload Brief Description

LASS II LASS II is a combination of a free flier and orbiter based equipment

t dssigned to measure certain ionospheric parameters relevent to the

phonomenon of ‘.11W/UHF scinti llat ions to better under ,tand . the cause—

I effect relationship between plasma instabilities , ionospheric irregularities

and scintillation phenomena. After free flier release , the orbiter

7 viii station keep, and through ground generated cosmands, the orbiter

will receive transmissions from the free flier , directed through the

tanospher. Data will be r.cotded on board the orbiter and then

C doenlinked. The free flier will be recovered at the conclusion of

axp.riment .

V zuv The exper iment consists of a group of four detection systems designed

- to survey the XUV and X-Ray backgrounds of the earth’s atmosphere and

the sky , I t is made up of one zenith sky monitor , two all sky moni tors

• ~ - and one nadir pointin g auroral monitor . It Is pr imarily a passive type of

exp.ri.ent package with telemetry data dounlinkod to the ground and

• recorded , as required , on board the orbiter .

OGAO The OGAO Experiment viii obtain t ime histories , morp ho logy and dynamics

of •urora l activities and equatoria l regons of far UV e~~issthns. This A

will be accomplished by using. gimbal mounted nadir viewing liv image converter

camera , scanned by on board TV, pointed and controlled , by the on-board crew .

- 
Video and sensor data will be downlinked when possible and recorded onboard

when required .

cam This experiment will demonstrat. the performance 0f optica l countermeasures

against ground based lasers and determin, the laser beam dsgrauation caused by

• by a tmospheric turbulence and absorb tiott. It consist ! of a boom mounted

payload packag. and three orbiter mounted radione~er s. It will operate in

basically a receiving mode in conjuction with two cooperating laser

Ii ground sites. Data will be downlinked to ground and recorded onboárd

if required .

13 -
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3.3 Activities Renutred -

There are two basic approaches which can be taken to identify the manned interface

activities required for a sortie payload. A bottoms up approach provides the

i~~et detailed activity definition and identifies interfaces to the level of the number

of controls and displays required , identification of required operational tools and

support equipment, data display formats and any required on board application sof t-

ware. This approach demands a total understanding of the payload objectives, accurate

and complete systems descriptions, functional flows and detailed schematics and design

drawings. This level of definition Ia normally achieved between the preliminary and

critical design phases of a given space mission.

A second method, or top down approach, generates categorical activities based on the

operational requirements and objectives of the system under assessment. Although the

level of interface definition cannot be as detailed as the bottoms up approach , it doás

establish the generic interface requirements needed for operational activities. It

also requires considerably less detailed knowledge of the specific design features

of the payload being assessed. -

The generation of the manned activities required for the STR Payloads used the top

down approach because detailed data such as schematics, functional flows, design drawing, -

• etc., were not equally available for many of the identified STR Payloads. ‘ This is

due to the various stages of development and procurement that these p ayl.oads are

currently experiencing.

The top down approach identified 9 phases of orbiter fligh t which require operational

interfaces for the STh payloads. .
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• These were: ‘ 

$ 
-

I • s Post Launch Activities
• Health and C & W Verification

- • Brief (Prepass)
- 1. • Pre Pass Activities

• Experiment Operations
J • Post Operation Configuration

I Brief (Post Pass)
• Pre landing Preparations

• • EVA

- A total of 44 activities were established which both satisfy the STR Payload require-
ments and also the 9 on-orbit operational phases.

-

. 

Table 3-2 lists each of the activities by operational phase and also provides a
brief description of each activity. The specific “do” activities carried out by the

t - Payload Specialist are defined and listed for each operational phase in Table 3-2A.
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3.4 Functional Assessment Criteria

The activities defined in Section 3,3 cover thp entire range of STp payloada and

therefore do not apply , in total , to each individual payload. It was required to

review each payload ‘individually and in dep th to drive out those functional activities

applicable to its on orbi t operation.
.441

During the course of this assessment , payload documentation made available fbr this

study ‘~~s the basis for determining the applicability of each activity element. Due

to the top level na ture of the majori ty of these documents, it was necessary to augment

the available data with experience factors gained from similar or parallel payload in-

volvement , previous manned opera tions activities , and concep tual system configurations .

The resul t of this assessment is depicted in Table 3-3 - where each payload is identified

by its anticipated operational activities . Each activity, as it applies to each payioad, is

further coded by an *, X or 0 to Indicate whether the information was a fact , implication or

pre9umption. These were identified as follows:

* Fact -Data was directly available in the reference documents
- or the activity function was obviously required (i.e.,

power up~ of an electrically powered payload)

X Implication Although no direct reference was made in the reference
documentation, the activity , function is implied by the
sys tem configuration (i.e., protective and launch re--
straint devices for gimbaled optical sensors)

0 Presumption Payload configuration - and comp lexity normally require
• activities of this nature to achieve operational success

and/or readiness (i.e., functional heal th check or
equipment calibration). -

- U

As can be seen in Table 3-3 many of the activity elements apply to all the payloads

I .  while some only apply to a specific few. To reduce redundant ~nalytic efforts on each

- r 
payload , a comparison of payload activities was performed to determine the representive -

payloads for further manned interface definition.

( 
~~~ 

. 
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- TABLE 3-3 PAYLOAD ORBITAL ACTIVITY SURVEY

PA~~~~DS 1
_  _ _ _ _ _ _ _ _ _  

-
~~~Po.t L*unch I~sp. l 0 0 0 0 0 0 0 0 0 00 0
~ I.stra int/Pro tectiv. Device Removal . 2 X X X 0 0 X X 0 0 0 X 0
~ Experiment Stowage Removal 3 Z
~ Equipment /Panel Post Launch Reconfiguration 4 0 0 0 0 0 0 0 0 0 0 0 0

,
~ 

Configure For Initia l Power Up 5 0 0 0 0 0 0 0 0 0 0 0 0 
-

-
~~~ 

.‘ Power ActivatienlEnabl. 6 0 0 0 0 0 * X 0 0 0 0
~ Caution Warning Verificatio n 7 0 0 0 0 0 0 0 0 0 0

Functiona l Health check 8 0 0 0 0 - 0 0 0 0 0 0 0 0

PrePa.. (Exp op.) Briefing S X 0 0 0 0 X 0 0 0 0 *

Fr ePaas E quip. Configuration LU X X I 0 A. I
- - - E quipment Power Up 11 * * * * * * * * * * * *

~ Caution ~ Warning Check 12 o o 0 0 0 0 0 0 0
~ Functiona l Reatch Check 13 X I 0 0 * X 0 0

Comoan d Load Verification 14 0 0 0 * 0 0
.~~ 

Equipmen t Calibratio n 15 0 0 0 0 0 0 0 0 0 0 0 0

Monitor (Equip /D&C/CSJ1) 16 * * * * * - * * * * * * *
Mode Change - 

- 17 * 0 * * 0
R/T Dat a Ana l 18 ‘ O
Equipment Opti mization .! Msth$•,Msembly 19 0
Point ing Opti mization 20 * a * * * *
Target Selection - 21 * * * *
Data Management 22 x o x 0 0
Comoand Initiation 23 * * * * * * * * * * * *
Experimen t OPS Veri f 24 * x * x x x x * * x * X

~ Cz’ound Co -Operation 25 * a o o x * * x
~ Manua l Photogra phy 26 *
~ Event Enable 27 0 ‘ o o 0
~ Sequence Configuration Verification 28 x x x x x x z x x x x x

Operationa l Comeentary 29 x x 0 0
Comesnd Execut ien * * * * * * * * * * * a
EMS Activities 31 x x x x
E levation/Retraction OPS 32 * o x o
Deploy/Jett OPS 33 * ‘o * *

,~~~~~~ Equipment Power Down 34 * * * * * * * * * * * *
~ Equipment Safing/Reconfiguration 35 0 X X 0 0 0 X X 0 0 0

g~~~- Data Annotation S torage 36 x

Post Pass Dc Brief 37 X 0 0 o ~ o ~

~ Equipment Storage 38 1 -

~~~~, Complete Power Down Safing 3 9 1  X X  X X X X I  X X X
v Itestraint/Pretectjye Device Insta llation 40 I 1 0 0 0 X I 0 0 0 I 0 

-.

~~~~ Data Storage 41 - I
~~~~~~~C & W C h ~ck 4 2 0 0 0  0 0 0 0 0  0 0

< Plann ed EVA 43 a
~ Special Contigency EVA 44 0

* - TACT I - D~LICATIoN 0 • PREsu~irrIoN , -
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ii
The comparison of payloads was accomplished by arbitrarily choosing the FAR UV 

-

Payload as a-baseline experiment and identifying activity differences for each

individual payload to the FAR UV Payload. The result of this comparison is shown

in Table 34. As can be seen, the payloads fell into 5 basic activity groups

incorporating the full spectrum of identified operationa l activities. Activities 
-

(identified by the Ref. activity number) tha t were coninon to all payloads are not 
- -

shown in the table since the table only denotes differences from the baseline FAR

liv Payload. Each group was then reviewed to identify one representative payload

which encompasses all the necessary activities identified for that group of experi-

ments. It is important to note here that Table 3-4 only identified the differences

from the FAR UV Payload and that difference can be either the presence or absence of

- 
- a FAR UV payload activity. The result of this review was the selection of the

FAR liv, SLED, SEXTANT, PRAT AND OCMD Payloads. Operational activities of these

payloads do cover all of the previously identified activities and are identified by

*** in the Table 3-4. -

J I
J1

• 
- 

-

H
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3.5 Functional Assessment

- - Functional implementation of on orbit activities can be achieved in three basic ways.
One approach would be to have a totally automated system where a sequence of

on orbit events occur in a predetermined manner initiated by a key event such as

seperation switch, limit detector or tu ne tag. A second method would be to initiate

all events through ground commands determined through the use of ground based

computers and operator knowledge. The third approach would be to provide the on

board crew with all the necessary D & C Interfaces to complete the events necessary

for successful payload operation. Obviously no one single approach lends itself

to the operation of payloads other than the least complex payload requiring a single

event activation/deactivation during the course of its operational life. The fact that
the payload is carried on a manned vehicle with Interrupted communication links

implies a mix of all three approachs to optimize the on orbit operations.

To determine the complexity factor associated with each one of the approaches each
payload activity, for the five selected payloads, was qualitatively assessed in eight

specific areas affecting payload complexity and implementation. Complexity is defined
by the following list of component factors:

o Requirements
o Hardware -
o Software
o Control Activities (data monitored, analysis, etc.)
o Constraints and limitations (physical, data, etc.)
o Safety Level -

o Performance 
- 

-

o Reliability
o MaIntainability

- 
- 

A simple three level qualitative grading was used to indicate decreased complexity (+),

no anticipated change to configuration (0) and increased complexity (-) .

The eight specific areas graded for each activity were:

I - Equipment Location - Relative to constraints on equipment access In

J the orbiter cabin and cargo bay.

Instrumentation - Addition or reduction of required instrumentation
to achieve/verify an operational activity/event.

25 
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- L .
Physical Configuration - The affect on payload hardware complexity imposed

- by the selected approach.

• Operational Flexibility - The ability to react to real time changes 
-

- maximizing payload return.

Safety - Impacts Incurred to maintain the safe operational
environment of a manned vehicle. •

Computer Usage - Payload processor or orbiter GPC impacts

Software Requitements - linpacte Incurred through the development of
payload applications software.

- Security - Impacts Incurred In the maintenance of a secure
control system.

Tables 3—5 through 3—9 show the results of this assessment for the five payloads.
To the right of the gra’Hrig columns In each table is the relative standing of the
implementation methods. The standings are listed from left to right with “G”
Indicating a ground activity, “My ’ indicating an on orbit crew activity and “A” L -

Indicating an automated activity. The standings are separated by commas In most
cases and a slash (/) In an either/or (equal) standing. -

In general, the assessment results Indicate the majority of the 44 activities for all
five experiments are preferred to be performed by the on orbit crew. This preference
was driven primarily by four of the eight specific areas under ~ss esement. These
were communication link requirements, operational flexibility, computer usage
and software requirements. Of the four, computer usage and software requiremeát
areas provide many of the fun ctional capabilities which can supplement and/or replace
crew activities. The trade off between using the crew vs on board computers and
application software is the cost of developing and implementing the software system
and the cost of training and training hardware required to attain crew operatiodal
readiness. To adequately perform this trade off requires detailed payload design,
configuration and mission objective definition currently not available for this - 

-

• assessment.
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TABLE 3-5 FUNCTIONAL ASSESSMENT - FARUV (cont ‘d)
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_-——e ~~~‘ — — — — — — — — — — —
I]

- 

- 
29

-~~ - - -~-‘~-—--~~ —~~~ - - - -~ --~~ - - - - -~ --~—_ -- -~~-—-‘——•-—~~-~ —_~~~~~~~~~~~ --_ -_ ~---~_ -—— - - - ---~.—~ --- - - ~~- - - - .-__..-~~~ -~~ - —--——-—-~ -- - -



IS B~S~ QUALflT 
~~~&CTI~ A?II1

- - 
- - - 1R~ OUPY FIEMISI{~ ) TO DDC 

—- TABLE 3-6 FUNCTIONAL ASSESSMENT

4 4 0  • LI
• 0 C’ 4.3

- - ~~~~~~~~~~~~~~~~~~~~ 
_ _

ORBITAL 44 ~~LED
ACTIVI1Y

- 
U) Ps. ~~ 4.1 4.. Z

0’ 44 -44 0 Pm 0 0
44 p-4 P. 

~~~
- O  U) U U)

POST LAUNCH
INSP hL. ~~~~~. 2- _ 2-.. ~~

_. ~.±. _t. ...~~~~ ~.2_ ~~~ ~> M , A G
POST 

___________ £ ±_. ~~~~. L. 2- ._z .._
~~~ —~~~ ..±.. .2. —“

P.ESTRAINT/ .Q~, ~~ -

LAUNCH PROTECTIVE ~M • -2- 2- 0 + 4 + 4 + ‘~ 
~~~ 

) . M , A . G
DEVICE REMOVE ~~ 0- 2- 0 - .._ - _n - ~~ -~~ACTIVITIES EXP .q ~~~ ILL’ /~~ AL AL IL 711 ~~ A1 LUSTOWAGE - ~ L. -ILL AL’ ‘LII ‘LII LU UI Lii LLL - / 71% ‘LU’REMOVAL 

~~~~ ‘IL ‘LU LL~ ~~ LIZ LIZ LIL LUEQUIP/PANEL .~~ _ -..Q_ 2- 2- 2-. _2. ..~~~ ..~~~.. ~~~~ .. .j .  -POST ~~ 2- •f5 M , A. G

________________ 
RECO NTI C ~~ ..Q_. 2- 2- 2— — .~0.. _L - t.. ..!

CONPIG FOR Q 0 2- 2.... 2-.. ....Q. _. .. 
__ 

-~~~~ ~ L —
~~~~INIT POWER ~i. .2- 2- 2-. _2. .~±.. ~~~ ~~~~~. _,, M .A , C

HEALTH & UP 
~~ _ ~Q... 2- 2- CL -_ —CL _Q. -.. - -±- —~1 “~POWER .Q. .2- 2- 2-. - A _~L ~~~~.. - -  ~.Q ~~~ACTIVATING ~~ 0 2-. + ~~ + + + 0 -‘-4 2 ~tT - A -

ENABLF. A 0 0 0  - - 0 0 0  + - 1 - -& CAUTION .G .2- 2-.. 2- ~~
_. A ...~~~ 

__ - ..~~~~ 
“

~~~~-~~
WARNING J~L .L. 2- 2- 2-. ~~~~. A ..±. . ±.. A. .

~~~~~ 2 M,A .(3
TWDT A 1 T P~~7 

VERIFICATION £ .2-. 2-. 2-. 2-. 2-.. A ....2.. ~~~~. ..J!.. .—~~FUNCTIONAL G 0 0 0 - - 0 - - - -5 —•.
“--

~
1
~~~~~~~~~~~~~~~II~~ 

‘> M ~A , G
______________ C!IEC~ -8— ..Q_. .2-.. 2- ~ L.. - .~2- - ..~~~~ .~~~ . --~~~~

f’ n f ~ flPREPASS — — — — — — ---  - 
~~~~~ ~~BRIEF BRIE FING ~~~ .9.~_ .2-. 2- 

__ Q_. A ...Q.. ..2... A. ~ i
_ _ _ _ _ _ _ _ _ _ _  

• 
~~~_ 1.. 2- 2- 2-. 2- A 2.. A. .±~ ~~~~PRE PASS .Q~.. .2-. 2-.. 2-.. A ... .. ~~~~. ..~~~~ 

-

EQUI P .J~L .L. 2-. 2- -‘- -‘- A + •
~ 

‘) +4 ~ M , A .G
CONFIG A .2- 2-. 2- 2-. 2-. A _Q~ ~~~.. ...i ~ <EQUI PMENT G 0 0 0 - _ 0 0 0 - -3 ~~-..

POWER _~1. .Q_ 2-. ~~~ . t_. ~
_. ..~~~ ...±.. .±... .1.. ~ 

-

UP A .j.. .2..... 2- _.. — _ Q. .1. .1. ...±... _~~ 1.
PRE PASS CAUTION & A _:~5~WARNING ~~~ 0 0 0 

2- 
+ _ 0 + + 2- ~2 > A~, A , C

CHECK - A 0 G ~) 2- 2-. 0 ~~~ - ~ ~~~ACTIVITIES 
- FUNCTIONA L 

~~ ~Q_ .2-. CL~. - 0. ~~.. _~~~.HEALTH M — + - + + Q + i- (1 1-3 > M, A ,0
CHECK A 0 0

COIMMAND fl~ 2-. 2-. .A .A A. -

LOAD M_ .2- .2... 2-. t . t_ ~ O. ..Q~ _Q~ A — M, A , C
• VERIFICATION ~~ 0 0 0 - C) j 0 _Q_ - + -1

~~ 777 777, ‘77k 777 ,7777? P 1/1 777 77 777
C1~LIBRAflON ~~~~ AL /AL ~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _  _ _ _ _ _  A LII AL- ‘AL ‘AL! ‘LA! LU ‘ALL 111 -ALl ‘1L~MONITOR .2. Q_ 9,... 2-. ~~. 2...... .A 2_ ~.i- (RQUIP/D& C ._M. 2-. 2-. + + -.2.. A. A. ~~ M, A , C
-~ - C&W) 2- 2- 2- _Q~ A. A. ..±. —2EXPER IMENT 

MODE ~Q_ L. 2-. CL... ~~~~. 
._ ~~ ..,.~. ....... ~..9 .

~~~~.

CHANGE .1~L .2-. 2- t_ t. ~~ ...±.. A. A. .±Z > M , A , GOPERATIONS 
___________ 2- 2-. 2- ~~_.. .IL .IL ...~~~~ _±_ ...: ~L .-“

LII IL ‘AL’ ‘LI, LII ‘ALL ALL 711 ~2~% ~~R/T DATA 
~ ,J /  ‘Ill LII ILL ILL ILL LLL~ /II• ’ 1/// ~~~/ -

ANAL i~~~~~~~LL/ W ’J 2 L L L/IL L~LU ’AL/ ~~~
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TABLE 3-6 FUNCTIONAL ASSESSM ~~~ TO DDO ~~~~~~~~~

V .  - 
- -

ORBITAL

- 

EQUIPMENT ..Q. AL LII UI UI 71’ UI UI ‘II ’ 711 71/
OPTDIIZATION -~i LII LII ILL UI ‘12 ILL’ 71/ ‘LLi ’ -1L ‘ALL
_ _ _ _ _  A 14/ ILl UI UI 71/ ‘LU ‘ALL

• POINTING
OPTDUZATZON ~~~ .2- ~~

_. 2-. t~. ~~~~.. A .1 ~~~~~ 

A. (., , ~

• TARGET
SELECTION .1!! ‘.41 ‘AL 111W W W  lIt / 12 ’AL% 71%

- 
_ _ _ _ _  ~& ‘dl ‘AL UI UI UI ‘IL ~LI- ‘111 ‘.11/

DATA -~~~~ .2- 2- L.~ ~~~-. 2- A A. ± ..~— ~~~~~. ~~~~~~~~~

..M .2- 2- 2- 2-. 2- _9. -~~~ ,)A MI G
- - - A. .2-. .2-. L + 2- 0. + 0 + +3 ~-

‘

~~~~~~~~~~~~~~~ -~~~~ L 2- 2- 2- -~~~ -~~~ ± - 
~~~~~- ~~~~~~~~~~

EXPERIMENT INITIATION ~~~~~~~~~
~~p ovs .G. .2-. 2- .2-. .~~~-. Q_ A A .L — -  .z2 ~~~~~~~~~

OPERA~tIONS VERIFICATION L ÷ 
- 0 + + 0 ~3 ~~~~~~ M , A , G 

-

- . 
~~owm
CO-ORD ~~~ ~ø.. ..n~ .0_ ~~~ A A .±. !

%coat d, - .A. A. .L. .2- .2.... 2-. A ..à. A ..~~-. 
_~1. “~MANUAL A ILL ILL ‘ALL “111 LII UI 11.1 /11/ LU -LU ’

JI ALL LIZ - ILL- U~Li ‘AL’ LII UI ‘UI ~~~~~~ ALA -

• 
_ _ _ _  LL ’ALI LIZ LU- UI ‘IL”.LLi ’LL”AL’ / ‘-

EVENT A. A. ._ 2- A -.2. A -- ! ~~~~~~~.

ENA BLE ~~L .1. .±... .2-.. .2-. ~~ A ,
.i M, A , C

_ _ _ _  A.

SEQ/CONPIG -~~~~ A. .1.. .2- - 2- A ~~~ 
‘

~~~~~
‘— \I - 1~ C

VERIFICATION — ..: ~ ..Q~. .2- .±_ t._ _±. _±_ ~~~~~ A- -~~~~ ~~_.
?‘ ‘~~ ‘

A. 2-
oPER&noNAI. -~~~. ILL 7-IL ALL LII ‘AL ILL- ‘JJ.ii’LL’ ‘A/A ‘AL- ’
CCIQIENTARY -~~~~ Il_ id ‘ALL ALL ILL- 71 ‘At ‘71/.~LIi 14. - AL’

- -& ILL ‘ALL ALL ‘ILL ‘AL ‘AL - -AL’ ‘LII -LU ‘LU-- 
COI’24AND - ~Q. A. .2- -2-. .~~— 2-.. A A — - -~~~~ 

~~

‘

~~~~~
- M A C

EXECUTION ..~i A. ..L I.. .±_ t_ .~~~~. -f-. _:~:~. ...L ...
~~~~ ~ ) ‘ ‘- - A. A. A. .. A .~~ -- -~~- -~~~~~ ~~~~~ 

-

ACTIVITIES -v.. A. + + + + -~. + . 0 ~7 ~~) M , A, C
• 

_ _ _ _ _  £ £ - 
-~~~~~ 

- 
~~~~.

1~ 
ELEVATIONI ..~~~. A. A. .2.... - ._. A- -~~~ — -  _2 ‘

~~~
-
~ -

RETRACTI ON 
~Zti. A. .2-. ... ...... ± ... ...±. .± ~~ -2-. ~~ ~~~M ,A ,G

1 .  OPS _~& A. A. .2-. 2-. A __ 
—~~- -~~~~ 

-‘

~~~~~~~~~~~ .41 A. __ .2-. =_. 2-.. A ...~~ 
._

~~
— .4 “ .-...

~~~
- ~~~~~ ~ ~ + + • 0 +~~ ~~~ M, A , C

_ _ _ _ _ _ _  _ _ _ _ _  A. A. - A -~~~~ IA -~~~~
EQUI P - A A. A. ~2- . -  - A A ± --• P°WU .~~~~~ A. .j. ~~~~~~ ~~~~. ~~~~.. A. ~~ - 

M , A , C
• POST DOWN A. A. 2 - -  - A A A ~~~

~~ UIP A A. AL .2-~~.... 2- A _. -~~~~ -~~~~

OPERATIONS SAF ING / _~L A. A. .2-. .2-. -t_ A + + •~~~~ ~~~~~ ,.? M , A , C
RECO~fl( A. 0 -  £ .2-. .2-. 2-. ....2. A ..:.. ~~~~~. -Q —‘

- - CONFIGURATION .41 /~~ 71/ ilL ILL - /AL I/A ’ UI.! LIZ ç.4,~% !L
• AN~3LtTION/ ~~ 71~’ 44~ ILL ‘At ‘iA”JA/ ALL ~~~. Z~l

_ _ _ _ _ _ _ _ _  ~~~~~ - 
7-LI ILL ILL ‘12 UI 12’ ILL LU IL
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~~~ - ~~~~~~~~~ ~~~~~~~~~ is~~~~~~~ ~~ DDO ~~~~
- TABLE 3-6 FUNCTIONAL ASSESSMENT - SLED (cont ’d)

z d  •~~~~~~~• • . 0 ~1 0 .4 1)- 
u. i.~

ORBITAL
- ACTIVZTV

1.1 (0 14
- ~~ 10 )4 14 

~~
. Z0. Z 0 ~. < 0  o w

lii l. P. 0 (0

PASS .G. .2.. .2.. 2-. 2-. 2-. AL). A A. A M GBRIEF DEBRIEF _  .2- .2... 2- 2-. ....2. A A. A. .1 ‘ /
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _  A.~~~0 0 0 0 0  0 0 _L _± .~L

EQUIPM ENT C 77 777 777 777. 777; 777 - ‘77, ’ 1/! -.44/ 171%• - 
~~ ‘~~‘ ~~~ 

‘
~~‘ ~~~~ ~~ 

-
~~ ~~STORAGE A. UI LIZ LLL ~LL ‘.LLi ~LLJ LI! ILL -441 411

COMPLETE ..Q. .2— .2... 2- ~~
_ . 2—. 0. A .2- _:_ .~~~.. ~~~~~~PC)WER DOMN/ ~ 0 0 - + + 0 ÷ + 0 +:~ ~> M . A , G

PEE LA’4DING SAFING A. 1. .2- 2... 2-.. 2-. A. A. .2- ..±... ±L. -
“

I 
RESTRAINT/ ~~~~ - ~~ j- PROTECTIVE M 0 0 0 + + -  + + + ~~ +5 > M , A , G

PREPARATIONS DEVICE INSTAL -A. A. 2-. fl_. - ~~~. ~~~.. A. IA .~~~.. -“A ‘ALl UI UI ILL ILL ILLz - ‘ALl ‘ALL -LU ‘ALDATA 
w w w w w-- ‘.LL’ i - i - - AL’STO GE 7-LI ALL UI ILL ILL ILL - ILLi LIZ ‘LII ‘LII• k .2- .2-. 2-. - 

~~.... A - - -~ 
,‘—

~~~~~

CUECK ~Q-. .2-. 2... Q-~ ±— -.2. ..± ..±.. ..ii.. ~~~ . ~> M , A .G
_ _ _ _ _ _ _  - A. A. 2- 2- A A. I - _ n -~~_Q ILL ILL ILL AL ‘11.1 ‘LII LLL,tLLL- “LU ‘IL’PLANNED M ‘JJj LU ‘ILL -ILL UI- ‘AL ‘AL. ,‘ALL UI

EVA 
EVA ~ ~~~ w w ‘ii ‘..Wi’.4Ll ~..LL ~~‘SPECIAL A ILL! ALL ALL UI ‘IL ‘42 W4’AL’ “LII ‘AL-- CONTINGENCY .J~L ILLi ILL’ ‘AL! ‘ILL ‘1.1% ILL LU-1 LAL-tUI .14

_______________ EVA 
~~ 

,‘Jjj 71% ~~% 1/4 / 42 Y-I”J.J_i ~ I Zt ’~~ 
- ILL

I  711 111 1 _
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TABLE 3-7 FUNCTIONAL ASSESSMENT - SEXTANT

1*

— -  ORBITAL .3 p.4 14- - 
- ACTIVI TY 

~ SEXTANT
U) 14 Z0’ Z = ‘-J ~ . -< 0 0~~~~14 ~~i 0. 0 0 U) U (0

. POST LAUNCH ~~~ . ...±. A A _ .. .2.. .2- ..Q... .. ... . ... ..!. ~~~~~~~~~
M - 0 0 + + 0 0 + 0 +2 ~~~ M , A , C

POST 
___________  ~~ T ~5 T -

RESTRAINT/ 2-. -A .1 A -_  .2... A. .~~~~ ..~~~~~ .~~~ . . LLAUNCH PROTECTIVE .M.. A A ~~~.. .9.. .±.. A. A .~~~. A. . .!.. A , M , GDEVICE REMOVE 
~~ 0 0 0 - 

- 
0 0 0 0 4 0ACTIVrn ES EXP 2-. Th ‘ILL ~~ ILL ILL ILL ILL ILL’ III 1.4STOWAGE hL. 777 ILl I I I  / 1 /  ILL ILL UI WJ ‘iii LIIREMOVAL A 77? 1T1 777 777 ILL /1 /  ILL ILL ’ ‘AL! ALLEQUIP/PANEL C Th 77? 777 77? iii 777 /i/i///i1 41j ILLPOST LAUNCH M 777 777 777 77? ~77 iii 7Th liii i41j 14

- 
RECONPIG A 777 p7 222 ~2- ~ Z ZZZ ILLi wCONFIG FOR C 0 0 0 - 0 0 - 0 _ . 3 ”-.~INIT POWER ~~ 0 0 0 O •  ÷ 0 ~~~~~ + ,, 

> 
M , A , G

UP A 0 0  0 0 0 0 0 0  +HEALTH & 
~ rn 777 Th 777 77? 777 ~~~~~~/~~~~~~~~~~‘, - ‘

ACTIVATING W 77? 777 777 777 177 177 i77’iitii ~,41_i ALAENABLE - r 77~ 77~ 777 777 777 ~~ /7fl/777 
~~~ ALL

- 
C & N 

.CAUTION L. 111 LLL LU IlL UI ILL ‘.LL~t’iJJ ILL ‘ILL.WARNI NG ~~ ALL LLL Y LLL ILL ILL ‘IL “~‘1/LLI -IL LU
VERYF?f AT ON VERIFICATION A ALL LII ILL ILL ILL ‘LI ‘•‘L. .1.11 ‘AL”LLL/I 

FUNCTiONAL C 0 0 0  - 0 0 0  0 - -2~~~~~
’--..

HEALTH .~~.. A. A. .2- .2-. .±.. .2- .Q.. 2- A. ~t1. > A ,M ,G
________________ CHECK £. A .2.. .2- A. . 0_ 2-. ~±.. 2- ..~~... .±~ —

‘
~ s -  C 0 0  0 0 0 0 0 0 —

BRIEF 
~~~E~I~ G ~~ .1 ~~~ .0~ ~ -

~~ 

A , M,C
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

A 0 0  0 0 0 0 0 O~~~~— 

PREPAS S C /11  1/ 1 1 /f  1 /1  / 17 ,  ,‘,‘i, ~~~~~ ~~~~~~~— ‘~~~~~~- 
EQUI P M Th 7Ti 177 177, 177- ~‘#‘1 / / / /j/ 1~’ / -ALL -

~~~CONFIC A_ 777 rn 77?_ p7 ,lL f77_ ?7-7/ r7~, U I - L / 4
EQUIPMENT 2-. ~~ A .2- -~~~ ~~~ . A. .Q ~~~~. .~~3 . ~~~~~~~• POWER 

~~!. A .2- A. .±.. .±. .2- A. .2- JL. .~z.UP &.. A .2- .2.. - 
~~~. .2... .2- + .±. . APEE PASS CAUTION & C ILL UI UI ‘I_I ‘IL ‘AL ‘.LJJ ’JJJ ‘ALL ‘AL -

• VARNINC 
-~~~~ IL! ILL ILl ‘LI ‘it ILL ‘JJJ ’JJJ ~~ AL

- CHECK
ACTIVITIc.S FUNCTIONAL ~ 0 0 0 - 0 0 0 0 - ~~~~HEALTH .~i .2- .2.. .2.. 0 + .2- 2- 2- o +i > A , M , C

CH ECK
O*fMAND C A .2- 0 0 0 0 0 0 -

LOAD 
~~~~~~~~~~~~~~~~~~~~~~~~~VERIFICATION 
~~ A .2.. 2- 2- 2- 2-. + - LU

rAUIPMENT 2- ILL !iL LU ‘AL AL ILL4 ILL! LU ‘LIZ ‘AL-[1 CALIBRATION .Zt1 UI UI ILL ‘AL AL ”IL/ ’.LLJ LII -LU /AL-
L W W W/ I L /AL ”JLWILLJ’LU ’AL-

MONITOR G.... A 2- .2-. . .  2-. .0-. 2-. 2.... .. .- Z~. ~~~~~~~~

- (EQUIPID&C .~~ . .2.. .2-. .±. ±.. .o.... 2- a... A. ±1. 2 M ,-\ ,G
C&W) L.. .2.. .2- .2-. .2-. .0-.. 2-. 0-... ..z- AE ERINE NT 

N DE 2- W ‘AL ILL Ui UI .! WI ‘ILl ALL ~~ ‘AL’
CHANGE .~i. W ILL iLL ILL LiLA’JJJ ill ‘LII ‘ALL LI-I r OPERATIONS 

- &. ILL ILL- LLL’ ‘AL’ WIVLLe LLL ‘LII ILL ‘AL— LII ILL ‘AL ILL ‘ALl V.LLI ALL LLL ,L,41 
~~~~~~

‘- .. 
- R/T DATA LII ILL (IL (Jl ~ ILL! Vi_U ALL LLL - - — - -AJW~ A - III ILL. (11 ILL ~..L IIV//i III /11 ‘ZZ~ -CL-

3 3 -

I _ i  
~~ - —-~~~~- r n~~-~ - ~~~~~~~~~~~~~~~~ -‘~-- -~~~ - -- -- - - -- 
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TABLE 3-7 FUNCTIONAL ASSESSMENT - SEXTANT (cont ‘d)

~~ ~~

OREr AL
ACTIVIT! SEXTANT

(0 >. ~~ (4 (~. X
o’ z ~~~ 0 ~~. < o a

s-~ P. 
~~ 0 c. U) (#2

EQUI~~ENT -0-. LLI LL.L LII UI /1.1 ‘ii ‘ill .LLL
OPTTh1IZAT ON ,~~% , ~~~~~~~~~,~~,
POINTING 2-. ALl LII LII UI UI ‘IL ILL! ‘IL LII LIZ

• - OPTIMIZATION .~L ‘ALl ALL ILL UI UI- ‘IL~WJ ‘LI j~i ALL
_ _ _ _ _ _ _  A.. ALL LII LII UI ‘Ii ILL- ‘Iii ‘LI ILL- ALL

TAR T C 0 0  0 0 + 0 0 0  — o ~~~~~

SELECTION -.~~~~A . 2 .  )>A.M/G
- 

___________ .&. ._2. A. A. .2- .2.. .2-. ~~~~~ 
0 + +2

DATA .2- ALl ALL ALL ILl ILL- ILL ‘III 777 ~~~
)4ANAGEMENT .~L ALL ALL LII ILL UI- ‘IL WI LII ‘ALL ‘ALL
_ _ _ _ _  L -ALL LI! LIZ UI UI ILL ‘IL! ILL ALL ALL -

~~~~~~~~ 
.~~~~ ~ o .~~~~ .~~~. .o~~ & -2-. ~~~~

EXPERIMENT - 
INITIATION i. f ± ± ± ~~~~~~ ~~~

— 

~~

— ÷ ~~~ 
WA , G

~~~ o~s .2- A •.9.~ .,Q_ .9.. 0 0 0 0 -:- :j—

VERIFICATIOt’ ~ 
- ° ~ + + 0 0 0 .2- +1 ) %I/A ,G

OPERATIONS 
_ _ _ _

GROUND .2... A _Q_ .2-. .2.. .±.. .2.... .2—. Q._ 
~~~.. A.

co-ozw ~~ .1 A. A. A .2.. 2-. 2-. A L ~ ) A , G • M(cont d) 
___________ 

A _9 A. 0 0 + 0 0 0 •~
. ±2_ —

-
~~~

MANUAL C AL! LII ILL ILL - -‘AL ILL~i’~~’ ‘ALL LIZ
PHOTOGRAPPY ~~ liii ILL LII UI- ’Il W.NliJ LU -  z~z ‘ALL- 

~~ AL’ LII LII UI ~‘I i ‘JJPLLJ t LU ALL ALL
EVENT 

- 

.2... .111 uII~Lil ‘J.L~’Ji ‘it ‘.11414 LU ALL -

ENABLE -~i III LLI~LLL LLL~ 11.14/iL! ‘.111/ ILL - - LIZ ALL
_ _ _ _ _  ~~ LU LII ILL ILL ILL’ ILL ’ ILLI ILL’ -ALL’ -ILL

SEQ/CO NFI C .2-. .1 .2- A. ... .2... .2-. .2-.. 2-. .2-. ~~~
_ ~~~~~~~~~

VERIFICATION .N. A A. A. ±.. .±.. .2-. 2-.. - 0 +1 
,~~~~~ M /A , G

_ _ _ _ _

OPERATIONAL 2- AL’ LII ILL III 14- -‘.111 LW ILL- ‘IL ’ ‘.LIi
CONMENTARY .~L III ALL LII UI /.LLVJJJ ‘AL/P LII’ ‘I.,LL ‘LU ’
_ _ _ _ _  4.. ALL ‘ILL ILL ILL / 1±4 ‘ILl ‘AL/Wi’ -

~~~~~~~ IIL
CONMAND IL. A. A. .2-. 2-. 2-’L.. 2-. 2-.. ~~~.. L. ~~~

- -
~

EXECUTION ~~!. A .  A. .2-. .±.. .±j 2-. .2-.. - .2-. #1 M , A ,G
A 0 0 0 0 - f 0  0 0 + 0

i~ns .2- ILL IL ’ ilL ILL ILL’f ’LL ’] JI’W ’Ji.Z -AL’
ACTIVITIES �~. UI 1.1’ ILL ILL ‘IL ’ ‘IL ’ ‘.111 14’ III -LI--

UI LI ’ ILL W”JI ’ ‘LU ’i. LF W’-LLL ~ LI
ELEVATION/ 2- LII LI ’ ‘LI 144111’ ‘Lii ‘AL! ILL ALL ‘ILL
RETRACTION £ UI LII / LI ~ILL~J lJ .L IL ’ ALl LII ’ -AL? ‘LI

_ _ _ _ _ _ _- £. UI LII / IL ~ ‘1141_IL’ ‘LII ‘ALL ILL ’ ‘LIZ - ILL
DEI’LOY/JET T .2- ILL LII- LII U.LL4’L ’.- IL! ‘IL! ILLi ‘AL’ ‘AL

_M_ /1/ ‘i i I / / A / / l u l l / i  ‘/ /~~ V/ I  I / I :  i / IL /L1
-_ _ _ _ _ _  _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~EQUIP 2-- ._9.. A. ..2_. _ _  . ... .2-. .2-.. 2-. .. ... ~L •
—._.

POWER .~L _Q_ A. A. .±.. .~~~~ 2- 2- Q_ j~ 
+2 2 M, A G

POST DOWN A .2- 0 0 - - o o + 4 0
EQUIP 2- 14 ~~ i~~ f ~~ 177? ~~ ~~~~~~~ 

-
~~~~~~~ 

•-
~~~~~,

-

OPERATIONS RAFING/ .z~i UI LII LII 14 1.11’ 114 ~U..( Wi .14 II!
EECONPIC_ A /Jj  / 1/ ! /1 /  / 1 /  / 1 / ,  I I I  / / ] ~ J J j / r ,~,

CONFIGUflATION PATh C / / d  ~ 7 777 177 /77 77? 77~i 7777 - -711 1/1

~~~~~ 

- AtnIOTATIO1c/ ~ ( 777 777 777 177 177 777 77? 7777 tiL 7’; -

- . STORAGE T ~~ 777 777 177 77 777 77? Tm 777 77?
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TABLE 3-7 FUNCTIONAL ASSESSMENT - SEXTANT (cont’d)

- - . 
-

~- - • 0 ~~~ 0’ 3
U ~4 ~~ W ~~. 0
0 ~-I Z ~4 < 0’

- -  ,~~ 
.
~~ o ,.

~

ORBI TAL ~~~ ..a F..

ACTIVITY SEXTANT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BRIEF POST PASS M 777 777 III I/I I / I  III I / I  Ijj / 777 iii
- 

DEBRIEF 
~~ 777 777 777 /77 ,~77 777 /77~ p,,, 

~~~~~~

EQUIPMENT G ILL UI ILL IL -UI !J ~ AL’ ‘LU ‘III - -

1414 ‘IL IL UI ILL IL ’ -AL ’ ALiSTORAGE ~ 7~ ILL ILL ‘IL LI UI 111/ LLL -I1i’ALL
cowi.~~ C 777 /1/  17_I ‘11 ~ 14 /IL ILL I,LI ‘11/

- - POWER DOUN/ ~~ W UI ILL UI LI ILL ‘I I J W ’..” “~
PR.E LANDING SAFING &.. 14 14 14 ‘IL IL ILL W ILL ~~~‘ 

‘
~~~~~~

RESTRAINT/ 2.... A. .2.. .9.. ...... .2.. .2-. ._. ._. .. —. ±. ‘s— -

PROTECTIVE r~i o. o - a +- o o - 0 -1 > A , M , G
PREPARATIONS DEVICE INSTAL A 0 0 0 - 0 0 0 -0 + 0 ~~—~

‘

- -

DATA M iLl I / I  I ” ~.LL ‘.17. “AL LLI ’LLL LII 14
- 

STORAGE A~~~~~ 777 777 fl/ ’/,-~~/ ’ LL ’ALL- 7.LL -’LLL
- 2- ILl 14 ILL UI ‘LI ‘LU L’ - WALL ’ ‘ALL
,. ~L LU 14 14 ‘IL ’ IL LI “Lu ILL ‘AL- ’ ALL

_ _ _ _ _ _ _ _ _  

- ~~ I/I IL! / / / 1.11 iLL AL. LI ’ ILL ALL ‘ALL
- , ,  2- III 14 ~~ 1111 /IL ILL 4’LL/ LLL ILL ‘LIZ

- PIA~~ED 
~~ ILL ‘1.1 - ‘IL ’ IL LL’ ‘IL’ ILL LU LIZ

EVA - 
EVA 

~~
_. ILL UI ‘IL ‘IL ’ IL JL ”LL’ ILL ALL LIZ

SPECIAL 2.... LII 11.1 ‘IL ‘IL LI- .11 AL ’ ‘ILL AL.’ 1.11
CONTINGENCY .~L LII ILL ‘.LL4’i.L ILL’ ‘LL IL’ ILL LU LIZ

_______________ 

EVA A JjJ 14 /Jj  ~JJ.. ii ’ J _ I /  ‘LA ’ LU ‘ILL ALL

{l  

-

[

L - 

-

— -  .- oe

- 
. 

-

L -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~- 
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~ COPY 1kl~~~US1~~~~~~ TO EDO ~~~~~~~~ -

tABLE 3-8 FUNCTIONAL ASSESSMENT - PRAT

- 
z o • Ii -. 0 H 0’ .J N

U H P. N C~. 0 •o *~ Z ~ 0’
~~ ‘~ 

Q ~~~

ORBITAL 
- 

I.’ ~Z N •.~ H 0 N F.’ACTIVITY ~~~ ‘~~ ~ — PRAT

U~ ~~ 
g, ,- Q

0’ Z ~~~ 0 ~~. < d o  N
N H Q 0 1., ~n

POST LAUNCH 2-. .±. .- .2.. .~~~~~ 
.__. .2... ... _ ... .:!. ~~~~~~~~~.Q.~ _±_ .±_ ±- ±_ .2-. +2 > M , A , C

POST 
__________ 

A 4. - 0 0 - 0 - - + ~~~~
PSESTRAINT/ G Q~ ± 0 - - -6 ~~~—.- -LAUNCH PROTECTIVE ~~ .1 .2.. .2.. .±_ .±._ .~~ — ±_ ~~ 

0 +5 > M, A , CDEVICE REMOVE. A 0 0 0 + -3 ~~~
-‘

~~ACTIVITIES EXP
STOWAGE ~~ + 0 + + + 0 + + ~~ T>~ i A/C
REMOVAL A . 0 - - - 0 - - +

EQUIP/PANEL C 0 0 0 - 3 0 - - - -
POST LAUNCH l~~ o 0 0 + 4- + + + ~~ ~~> 

M , A , G
_________________ 

RECONFIC A .2- .2.. .2.. .2... ... .9.. .Q - - - +  .i. —
.‘

CONFIG FOR 2-. A. .2.. .2.. . ... 2-.. .2... .~~... ~~~~. IINI T POWER ~L. A. .2.. .2.. .±... .±... .2... .t.. i... ~ +1 M, A ,G

HEALTH & ~ _________  4_ 
0 9. ~ 2-.. .:... .2-. .2... ... ..±.. ~L

- POWER 2-. ..Q. .2— .2.. .. .... .~~~ . .2-. .2... 2-. .. _. .~~~. ~~~~~~~~ACTI VATING ~ .2- 2- __ + + + + + 0 +4 _> M ,A/G
ENABLE L.A. .2.. .2.. . ...~~..2- .L. 2-. ..±.. ..1 ~~ 

-

CAUTION C A. .2.. .2.. . ... .... .2-. ._ :... _ _
WARNING 

~~ A, .2.. .2.. .2... .±... .9.. ~~~ t.. .2-. .ta M .A ,G
VERIFICATION A . 0 0 0 0 0 2-~ 0 - + 0VERIFICATI0~ rUNcTlo~iAL ~~~ 

—

~~

- 
o 0 0

HEALTH 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ >M , A , G

__________________ CHECK &_. .1 .2.. .2.. .2.... .9.... ..... .9... - + -‘ ,‘~~
- G 0 0  0 0 0 0 0 0  - i N ..-

BRIEF BRIEFING ~~~~~~~~~~~~~~~~~~~~~~~ ~~~A , M/G
A 0 0 0  0 0 0 0 0  +

- PREPASS 
~_ ..Q.. ..Q.. .~~~. . ... .~~... .

~~~~~ ... .~~~~ 
~~~~~

- EQUI P t!L ..±.. - .. t. .±.. .±... .±... . .... ±.~ t... .2-. .~j  > M , A , C
CONFIG .L .2-. ._ . .2-. .... .2... .2... _.. ..~~.. ~~~~EQUIPMENT 2.... .2- A. .9.. .... s... 2-...2... 2... _ ...• POWER M.. A. .2-. .~~~. ±... .±... .±... ±... -L. .2-. .±i ~) M , A , G

UP A 0 0 0 - -  0 0 0  +
PRE PASS CAUTION & C 0 0 0 _ - 0 - - -5 ..

~~.-WARNING M 0 0 0 0 + 0 + + 0 +3 > M ,A ,G
CRECK A 0 0  0 0 0 0 0 . +ACTIVITIES 

NNCTIONAL ~~~~~~ T - - ~~~~~

HEALTH M - .±.. .2-. ±.. .±.. 2... + + 0 +4 ))  M , A , C
CHECK - 0 .2-. 2- . ... 2-. .~a ~~~~~~COMMAND 0 0 0 . - .Q.._ - - - —5 N.

LOAD ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~M ,A ,G
VERIFI CA TION A A, _Q_ ..9~_ - 2- - + -2 - -

E~UIPNENT 2- _D_ ..CL. .2... ~~~
_ .u... .a... ... ~~~~~ 

--..

~~~ ~ 

—

CALIBRATION M ~o ~ n + __ o 
~~ 2 

Is , A , C

_ _ _ _ _ _ _ _  _ _ _ _ _  A. .2.. .2.. ~~~- 2- ~~~~~~ — _±_ 4 ~MONITOR G .2- .9.. .L. .... .2... .2-. 2-. 2-. ._ . ... ~~~~~~~~—. (EQUIP/D&C ~~ .... .2- ±. ±. ±.. ±... a... 2- ±. ±a ? M,A/G
C&W) A 0 0 0 - 2... 0 0 0 + ~~~EXPERIMENT - - ~ T 0 0 - - 0 - -5MODE 

~~~~~. 
0 0 - + + 0 ~~ ö T ~~ > M , A , C

OPERATIONS CHANGE A T T ~~~ r~ 
:- r 

-
~~

— :— -

~~~~~~TT  ~~~~~~~~~~~~~~ ~~~~~~r. .  R~~~~~TA 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ M, A , G

_ _ _ _ _  I L L ~~ 2- ~~
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TABLE 3-8 FUNCTIONAL ASSESSMENT - PRAT (cant’ d)

~~~~~~~~~~~~ N

- ORBITAL
ACTIVITY FRAT

~ mr p m m T i 7iTi mm ri,  7,’
OP lIZATION ’ W~~~~~~~~
_________ 

A /jj Ill 111 III  I I I  ILL II I-LI ILL ILL
- , 

— 

~ rn m m rn m Ti’ TI, rn ~~ -

OFf ThI V ON !~!- m mw w w1 ~ i - J .L 1 i~L1
_ _ _ _  .. 7~~~~~/. LI Wj I J . L LLJ W LLL ’ALz ILL

2-. ILL UI ILL ilL ILL I LL! 14 14 ILL ‘LII
SELECTION i~i_ LII ILL ILL ILL LI /11/ ILL 14 ‘w ‘IL

F - &. IL! ILL IlL 1.11./ ILL LII 1 4 1 4  AL’ ALi
DATA 2-. .2-. .2.. .2-. .... ~~~~. 2-. - - -2 ~~~~ - M A G

C 0 0 0 - - 0 2 - - - _4 S~

EXPERINEAT INITIATION

- 
VERIFICATION M - + + + + 0 + + o ~ 

£I ,A ,G
OPERATIONS - A + - ~) 0 0 0 + J_~

G(OUND 
-

(cent ‘d) 
___________ 

r 777 777 PT iTli 777 ‘71/ 77:’ 7Th ~77 771.
L HM;ukt.

PHOTOGRAPHY ~t. .2- .±.. .±.. .±-. ±-. .2-. ± ... t.... .2- ±ui. ~> Is1,A,G
___________ 

A 0 0 0 - 0 - . .~~_ -
~~~~ ~

,—‘

C 0 0 0 0 0 r ö— - -2

I.. 0 + 0 0 + + ~~~~~~~~~~~~~~ENABLE A T ~~ ~~
SEQ/CONFIC

V E I f l ATIO N + ff
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ,

1:
E n  ~~ T ~~ ~~ > M , A , G

N

- 2.. .2- 2-. M A G
• - ACTIVITIES .2- ..±.. .±~ A.. ±. f ... ±.. ~~~ 2- ~ L ‘ *

_ _ _ _ _ _  
A 0 0 + - 5 , -

fl ELEVATIONI C ~9. M A C
U 

RETRACTION M. .2-. .2.. .2- .±_ ±.. ±.. t.. -t... .Q_ ±~. ,-‘

OPS A 0 0 0 0 - - 0 - +

~_i~LOY/JETT .2_. .2-. -- .2.. .... .2- 2- . _. ... 4 N..~ M ~t 0

_ _ _ _ _  —
OPS

- EQUI P .Q_ .2- .9. 2-. .:_. ... 2- 2_ 2 V A G -
POWER ~~ 0 0 - + + + + +.& 0 -‘-4 ~,,> 

L •

POST
EQUIP 2-. .2- .2. .2-. .~~~.. .2-. 2-. - —

OPERATIONS SAPIN CI ~~ ~~~
. RECONFIC A 0 0 0 0  T o o - i  ÷ o

DATA E]I .. 2... ~~~~~~~~ 
.-. N..- M A O

-~~~~ 

A~~~TATWN/ 
_ _

. 
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TABLE 3-8 FUNCTIONAL ASSESSMENT - PRAT (cont ’d)

Z C ~ •~~~~~~~~~ 
- 

-

• 0 ~—I CT N

ORBITAL ~~~~~~~~~~~~~~~~~~~~~
- ACTIVITY PEAT

0’ Z 0 P. -C 0 0  ~~~ -t4 1.4 P. rj 0 N C) t3 N

BRIEF POST PASS 
~~ ~T ~T ~T T T T ~~ j  

> 

A , WG

EQUIPMENT 2- ... .2- .. ..:.. _ — .2. ... .~~ - ~~~ 
N..- - 

- 
-

M -# .2.. ~~ .±... o ~~ M. A , C
STORAGE 

~~~ _
~~ .2. .... ... .±.. ~~~

COMPLETE 2- —.9. .2- .2- ..... .2. .2.. .2.. .2... ...
POWER DOWN! 

~~~~~ _Q 
- + + ± + + 0 +3 M ,A ,G

SAFINC A 0 0 0 0 0 0 0 0  ~~~~~+iFRE LANDING 
RESTRAINT! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
PROTECTI VE �L ..2. _2. I A. A. A. .~~~~~ A.. .~~~~. ..±~ ? Isi, A , C

PREPARATIONS DEVICE INSTAL -A .2- .2- .2- ... .:.. s... .2... -... ~~±... . a  —“

DATA A ... ~~~~.. .2- .2- 2-. ... .. .. .~~~ ~~~~~~

~ ,.~. A _±. ...±. _±.. .±. .2-. (j 4. 
~ +5 ,~~ 

Id, A , G
i~1Y)RAu 

£. -.2. .2- ... .2-. .2- .2- .2.. .. .. .±.. .~~ ~
-“

~~~ O _Q~ () - - 0 - . - 
-C&W 

~~~ 0 ~~~ ~~~~~~ 
-I~ ~~ Id A , 0

CHECK - ~~~ ~~
C 0 0 . . - 0 - - — _6 N._

PLANNED 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ >M , A ,0

EVA i. ..2 .2- .. . ..~~~~ 
_ _  .2-. ..~~~~ 

- ...t. .~~~~ —‘

SPECIAL .2.. ~~~~~. .2- _:. ..~~~~ 
.._ A, _~~~. .._. ....~~. .! ~‘N..

CONTINGENCY £ ‘ 0 + -4- + .
~
. + ÷ 0 +7 M , A , C

EVA ~~~~~ - C) - - - .2-. .. .. . ... .A. -~~~

- 

- 
- 

H

— -t — — — — — — — — —
-- ~~~~

-- - - - -- - -— — —-
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~~~~~OM co~ ’i T~J~~ ISII~~ TO EDO ~~~~~~~~~
TABLE 3-9 FUNCTIONAL ASSESSMENT - OC)fl)

ORBITAL 0 N
ACTIVITY

1-4 -~
- 1-4 N — P3 P.

D N N ~..0’ Z Z 0 P. -C ~ C14 P. C) 0 N C) N

POST IAUNCI!
msp ~i. ... 2.. _ .  .1?. A. ..±. A.  A.. .2.. .±Z 2 M,A 0

- POST 
___________ 

A + - 0 0 C) - - .~

RESTRAINT! C 0 0 0 6 N.~
LAUNCH PROTECTIVE ~~ .Q.. 2.. .2. ..±. ..±. ..±. ..±_. + 

~~~~~~ )

DEVICE REMOVE A 0 0 0 - - - 0 - + ~~~~ACTIVITIES EXP L ~72 W 777 III LU ILL W UI.’ LI ‘IL!
- STOWAGE ~~ III Jj / 777 77? iii iii Ui I/ i’i -

~~~~~~ ‘I/I
REMOVAL A /77 77 777 777 Th 777 777 .7Th iii /77 ’- .  EQUIP/PANEL o T ~~ •T 5 ~~ ~~~~

- 

~ r ~~~~~~~

POST LAUNCH M 0 0 0 + + + + ~~~ ~~~~~~ ~> 
Id , A , C

- - RECONFIG A 0 0 0 -0 - 0 0 - - - + —1
- CON FI G FOR C 0 0 0 - 0 0 - - - -4 

•••%___

INIT POWER ~~ 2- 0 + -4. 0 .i- 
~~~~~ 4 > 

M , A , G

~~~~~~~ & 
- UP .L .2.. .2... .2-. .2-. __  .2-. .2.. .. .. .~~. ..J~ ~-

‘

y - - - POWER .2... .9.. .2- .2. ... _ _  .2_ .2-. 0 - ..~a N..
ACTIVATING .~~~ 2- .2- _. ..±. _±.. .±.. .±. .A.. I ~ ~)  M ,A ,G- ENABLE - A .  .2.. 2.. .2. ... ..:.. .2-. .2-. .2-.. + -‘C & U CAUTION G 0 0 ‘) - . 0 - -

- 
- - WARNING - T~ ~~~~~~~~~~~~~~ 5~~~T T  T ~~ ~N., M ,A ,G

VERIFICATION VERIFICATION 
~~~~~~ .2-. E I I I I I I I ~~FUNCTIONAL C 0 0 0 - . 0 - . - - -5 .—,.

HEALTH I~~~II I I I~~ > M .A I G

CHECK j~ 
0 0 0 0 .2-. .... 0 - + ~~j  ~~-

-

PREPASS .~~~. 
~~~~~~ 

II ILL ILL LLL Ill ZZZ ~~~~~~~
‘ ZZI ~~- - BRIEF - M I/ I l  77/ III I/I  I / I  I / I  I / I  ILL ’ - iLl ‘iL’

- _ _ _ _ _ _ _  

I

PREPASS .2.. .2.. .2.. A. ..:.. ... .1. .. .:.. -

- EQUI P _~~~ 0 0 0 + + + + + 0 +5 “
> M , A , G

- CONFIG A 0 0  0 0 0  0 0 -  +

EQUIPMENT C 0 0 0 - - 0 0 0 - -
- 

~~~ 
M , A , C

UP A 0 0  0 - - 0 0 0  + -1
__
-_

__
- - 

PRE PASS CAUTION &
- 

- WARNING ~~~ I / I  iLL I / i  ILL ILL UI- ‘LI /JJ _i ‘i/I /l~ i
- I - CHE CK A 711 ILL Z12 ILL I I I  I I I  1.11’ ILL ‘LIZ

- 
- ACTIVITIES FUNCTIONAL C 2- L_ .2. ...:.. ... I ... ...... -

- HEALTH M 0 0 0 + + 0 -4. + .Q.. ..± 1 
M , A ,G

- CHECK T T T~ T~ ~T T +

COMMAND T T ~~ T -r T - -1 ~~
1~ 

LOAD ~~~ ~~ T T . ~~~ ~> A ,G , M
VERIFI CATION A T T T ~r 

-
~~

— -
~~

— 
~~~~ •

r -

~~~~~ 

.

~~~~~ 

~~~~~~ 

~T• -

~~

— r -i ~~~~~~

- 
- CAURATION

f~~
--

~~~+ f f f f- ~
-.

~~~
2 ’’

0

-

~~~~~~~~ - MONITOR 2.. .2-. .2.... .2. ... .9.. .2.. .2.. .2.. ._ .1 N.
- -

~~ (EQUIP/D&Q .~L c... .2. A.  A.  .±.. 2-. .2- ~~~ ~~~ > M , A , C
C&W) A 0 0  0 0 -  0 0 0  +I I 

- MODE 2- ~~ ‘/‘ rn ~~~ ~~~ ~~~~~~ ¶ - -
~~~~~~ ‘IIIM /77’ 777 iii u/ iLL I/1~ IIl  1/i’ ‘‘‘ LII

- 
OPERATIONS CHANGE 

r im ~~ m ~~ ~~~~~~
- 12i ‘~~~~~

, 
~~~~~~~~ 

z- -
~~~~~~~

- R/T DAIA 
~~~~~~~~~~~~~~~~~~~~~~~~- * ANAL A 14 14 14 /J~ ~Jj  ~~

L i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - -
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TABLE 3-9 FUNCTIONAL ASSESSMENT - OCMD (cont ’d)

piz IS B~~7 QUALITY P!~&CTZ(~
kR

~~~~~

J’BO~ QOPY Yik~JIS1~~~~~~ TO EDO ~~~~~~~~—
- 

~~~~ .~~~;• 0 1-4 0’ .-3 No U. 1.3 1.. 0

ORBITAL ‘-3 N
ACTIVITY

0’ N N 0 P. < ~~~ 0 -14 1-1 P. 0 0 U) C) U) N

C O O  0 - 0 0 0 -  - — 3
EQUIPMENT ~~ M ,A ,G

OPTIMI A 0 0 0 0 0 0 0 - + 0

POI’~TI’4G ~~~~~~~~~~~~~~~ LL ZL~ ’.1I.t - -
OPTDIIZATION ~~ ~~~~~~~~~ :~~ ~~~~~~, ~~~~~~ ~~~~~~~ ~~~

- -

~~~~~~~/~~/ W WW m~~~~TTT,- TT2 777 - i
SELECTION ~~ ILL LI ‘LU ILL ‘ILL ILL 1.1.1 ~~~~~~~ 

-
~~~~~~ ~~~~~~

____________ L II! ‘i.L/ /JI J ILL ‘ILL ILL UI I / I ~i ~,l/ 77/
DATA .2- 777 / i i ~ iii iii  iii iii iii iii, 777 777

IIANA ~ M .777 /77 i/i 77? P777 777 777 TTh i7~ ~~ -CE1-.ENT 
~~~~

— in rri i 7~ ~m rn m in~ Tm ~~.2- .2.. 2.. .2- .2. .2. A. .2. ~~ I :~ ~~~~ A M/G
EXPER IMENT INITIATION 

~? 
-f F --s- 1- —

~
- 
+ + -s-- 4 -~~~~ ~-~-?

G O  0 0 0 0 0 0 0  - --i N..
VERIFICATION M 0 0 0 0 0 4- 0 - T ~> A , M , G

OPERATIONS - A ~~~~~~ ~~i .—“

GROUND .2— .2- 2-. —2. —2. —2. .2-. .2. .2.. ... .! N.-.
CO-ORD Id .2- 2- A .2. A. .2-. 0 ~~~ 0 0 > A , M , G

(con t ’d) 
____________ 

-r ~ o o 0 
- 

0 o o 0 + 
—

~~ ,
—

MANUAL c 777 77/ 7~ - ILL ILL ILL ‘11 - iTT, 777 ~77
~~in TT ’7T I// if ‘ “! “i ’27j -rn ’y/jPHOTOGRA PHY 

~~~~~~ 7r ‘
~~~~~~ rn rn m- ~~ ‘i.i. ’ ~ .t ~~~~

- - - -

EVENT 
~~~~+~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ > M , A , C - -

ENABLE ~~~~~ —~~~ —~~~~ 
. — 

~1
SEQ/CON F IG C .2.. - .2-. ... .. .2. 2-. . ... ~~~... ..... -...th N.~ - -

VERIFICATION .:_. . .2-. ..±. A. .±. ..t.. .±... ...Q. ~~~~ ~.)  M,A ,G

~~~L
OPERATIONAL .2- I I I  I L l  1/ ~ ILL 14 14 ILL /JJJ -~i.- ZLL - -

COMMENTARY ~~ 177 ‘ii 77? LLILW ILL ILL ’ ‘Iii LL~ ‘LL’L’
_ _ _ _ _

CO~~AND .2.. 2.. 2.. .2-. A. .2. .2. .:... .:... .. ~ . ..~~~ 
N.~

EXECUTION ..~i .2.. -2-- A. A. A. .9.. .2.. 0 0 +2 2 ~sI , A , C
_ _ _ _ _ _ _  

A 0 0 0 + 0 0 0 - + + i — ’
- HItS .2.. ~~

_  ... .. .. ... .2.. .:... .... . ..:i 
~
“N.

ACTIVITIES 
~A~

1 ~~~~ ..t ÷ 
A.. A. + ‘) ~ M , A, G

ELEVATION/ C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~RETRACTION .~j ILL LII LLL LII ‘it 149 ‘UI LU iLL ‘Li
OPS A 1L üJ ’llL LLL W ’iL~~LL/ LJj - w LLL-

D€PLOY/JETT C I / I l  ‘I I I  ILL ILL 14 ‘IL ‘.1/1 ‘/.L’ -LL! -IL ’ -
~~~

o~s 
~~~~~ “ “~“l ~~ 14 “II ILUJ ’LL/ .LL’’J.L’

- - 
___________________ _____________ 

T 77 777 -Th / / / / 177 / / / iv / / / Li LLLi-
EQUI P - 

~~~~ J ~~~POWER ~~~2_~~~~~~~A.. A. A... .±... E _a _±~ ~,>
M,A .C

— POST DOWN A.. 2.. 9... .2-. _ .  .:... .2.. .2.. 2... —.t ..J ..-‘~EQUIP 2.. 2_. 2.. .2. ..:.. ... 0 - - _:. _~J ~ N..,
oPERATIoNs SAFING / M 2... 2... .2. ~~~

_ -~- + +r. > M, A , G
_~~~Q~~IG ~~ ‘L  .2- .2. 2- 2-. 2-. 2-. —i -ii -‘~ -

CONFICURATIO~I DATA 2... ~~ W UI L.LL /1.1 .LL ‘ill LII ‘LLL -LL~ANNOTATION/ ~~~~~ ‘i ~ / 1~~

— 
STORAGE A 

—~ ILL 1.11 LL ~LLI ~j / / I  ‘..~~~~~~
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TABLE 3-9 FUNCTIONAL ASSESSMENT - OCMD (cont ’ d) 
-

N • 
- -

- 
- 

ORBITAL

- ACTIVITY OCMD -

O N  N 0 P. -< 0
- 

- 14 1-4 P. 0 0 lfl C) N

G 0 0 0 0 0 0 0 0 —

BRIEF 
POST PASS 

~~~~~~~~~Iii IiII ~> A ,M/GD BRI A 0 0  0 0 0 0 0 0  + +1 .-~~:. EQUIPMENT ~~ 177 177 77 777 777 777 777 ~~~~~~~

- STORAGE A /1 /  /j J _/ LU! ILL .14 ILL UI WI
COMPLETE .2.. .9. .2- .2- ..:. . .~~~. .2.. .2. .2. .. ...:.. .:iL ~~~~~~- POWER DOWN! .~L .2- 2.. ... A. A. _±_ .±. .±._ ~~~ _ ~~~~~~. > Id, A • C

PEE LA~DINC SAFINC £ .2.. 2.. .2- .... ..~~.. .2.. .2- .2-. ~~~~~. .~~~~ . ~~~~~~~~
RE STRAINT/ .2.. .2.. .2... .2. ~~~. .:.. .:.. .. ... _ .  .=a ~~~~~~~~ - -- - PROTECTI VE .~i .2.. 2... .2- ..±. .±. .±.. .±. .±. A. .~~~. > M , A ,G

DEVICE INSTAL - A 0 0 0 - - - 0 - - - + .-3 .-
— PREPARATIONS 

G W I i J LLi LLL L i I W~~~~~~~~ 17~~77- DATA 
~~ /77/ 1// Id] ILL LII LLL LII Wi ‘1.11 ‘it! -

— - - STORAGE A ‘LL’ ILl LII ILL ILL ILL LIE Wi f_ LI Li ’ -
- 

- G O  0 0 - -  0 . —  -C&W r ~~ ., Id, A , G
- 

- 
CHECK -

~~~~~-— ~~~~~~~~~~~~~~~~~~~~~~

- .2.. ~‘/ / I  / / ~‘ I I I ’ 14 f_Li f_ IL - 14 14.1 — —- - PLANNED M 77/ 77/ 77/ / f /  I / I  f / f  14 — —

VA 
- - EVA A LI ’ LI ’ IL ’ UI IL ’ £11 14 ‘.111 — — -

SPECIAL C LI ‘IL ’ IL ’ ILL f_ Il  ILL 14 14.1 — —CONTINGENCY ! i / I  / IL ’ LI ’ ILL f_ il  ILL f_ LI i/i — —__________ 
EVA - A 77/ LI ’ UI UI 14 £1114 121 — —

— -.

t_~ 
-

- - - --—  — —— - - -~~~~~~ - —  -

~~ Ii
- 

- 

4’

‘

~~

-~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - .4
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3.6 t~ NNED ACTIVITY DEFINITION

The results of the manned activities for the five baseline experiments

devtloped in Section 3.5 are auzanarized in Table 3 —10. Each activity is

coded with a “G” indicating a ground activity ,”M” indicating an on orbit

crew activity and an “A” indicating an automated activity. The order of

preference is from top to bottom for each activity.

Of the 44 identified operational activities , 34 indicate a preference for

on-board crew performance which could, however, be altered by automated

techniques as discussed in Section 3.5. Included in these 34 activities

are all the activities identified for the post launch , health and CAM

verification, post operations configuration, pre-landing preparations

• and EVA phases of on orbit operations. 
-

In general, the surmary of activities indicates that most pr-e and post

experiment operations phase activities are candidates for on-orbit crew

functions. The experiment operations phase, however, provides a mix of

implementation preferences for 5 of the 18 activities identified which

are highly dependent on the payload mission objectives, configuration and

payload element interactions, i.e., cooperative ground sLtes, targets,

detached free flyers, etc. Within these 5 implementation mix aràae , no

trends are evident to provide general guidelines to establish manned I I
interface functions. As a result , it is recoi~~ nded that the experiment

operations phase of any candidate pay load be assessed independently to

determine its peculiar manned interface functions, and that this assessment

be performed with detailed knowledge of the payload objectives, con-

figuration and essential functional flow diagrams. [j
_ - 
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3.7 MANNED ACTIVITY TIME LINE - 
- -

In addition to defining manned interface activities, a mission tiu~eliite L
was deve loped to determine the nature and sequence of operationa l activities

required for a nominal mission. - -

A hypothetical mix of the SLED and OCMD paylbada was used as a basis for

generating the time line. The SLED payload was assim~d to hay, minimum

operational restrictions regarding orbital location, inclination and

altitude. The OCMD payload, however, required a ground track repeat

cycle to optimize ground station contacts at MIT and Holloman AFB and an

orbital inclination sufficient to provide contaet opportunities with both

of these ground sites.

The orbital parameters selected to satisfy the OCMD requirements were a

circular orbit having an inclination of 570 and an altitude of 296.8 NM.

These parameters provided a 15 orbit ground track repeat cycle for each

day of operation. Figure 3— ]. shows the daily ground track of this orbit

over the continental United States. Also illustrated in Figure 3—1 is

an assumed nominal contact range of 900 NM for the OCI~W pay load referenced

to the MIT and Holloman Afl ground stations.

For a nominal 7-day mission, the nuz±er of contact opportunities with the

OCMD ground stations was calculated and are provided in Tab le 3—11. A - -

total of 48 contact opportunities exist for the operational OCMD mission

providing a total potential of 336 minutes of contact time . Since the

00W operational t imes are fixed to a definite set of orbital positions ,

they become the drivers for the hypothetical STP mission . Therefore,

the SLED pay load activities were scheduled to minimize conflicting -

operations with the OCMD payload . -

46 -

—
~~~~~~~~~~~~~~~~~~~~-~~~- --

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

~~~~~~~~~~~~

-- - - ---- -

~~~~~~~~



- - 

rfi zs P&Q~ IS BZST QtMr4~’y 
____

I -

I: £ ~~~~~~~~~~~~~~~~~~~~ 
) - 

- -

iiI
-- t 

. 
~~~~

- - - - —1.~ - - 

~~~
—

• 

‘ t •
- 

) t1~ ~‘ ‘ )
_

~ I \ -~~~

1. 
- \ 

r 

- 

~ ~~~~~~~~~~

• 

~1! ~ 

- 

-

~~~~

- 

~~ ~

—

.
7 

‘- 
- 

.

~~~~~~~~~~~~

- 

• :. 
J 

~ 1~- ~~~~ -

——--— 

, 
•

~ ~
. 

- 

- 

-

- L I 
~ 

1 - j  . 

IH- 
H .~~~~~~ 

I -  
. .

•~~~~~~~~~~~~~~~~~~~

- 

_ _

1~~~~~~~~
-
~~~~ 

_)
- - 

- -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ~~-- - - 

-1- —-

~~~~~~ 

Vlip’ 
_ _  ~~~~~~~~Ii - 

- 

I 

I
. ::‘

~ 
/ 

~~~~~
‘ 

~~~~~~~~~ 

J 

- 

/L 
~~ V1i 1

~:! ~~~~~~~~~~~~~~~~~~~~~~~~

_____  
kI ’ \~~I - --~~~~~~~~~~~~~~~ — - ~~~~~ -—~~~~~~~~~~~ - - ~~~~~~~~

-
~~~~~

- •I 

47



r~~r 
-
~~~~ 

-

~~~~~~~~~~~~ 

--

- - Table 3 ].l OCMD Contant Opportunities . L -

GROUND ORBITS AVAILABLE TIME OF CO~TMCT
STATION SITE FOR CONTACT PER ORBIT

MIT 15,30,45,60,75 ,90 7 MIN 
-

16,31,46,61,76 ,91 6 MIN

19,34,49,64,79 ,94 1 MIN

20 ,35,50,65,80 ,95 7 MIN

HOLI.DMAN AlE 1.6,31,46 ,61,76 ,91 8 MIN

- 

- 

17,32,47,62,77 ,92 6 MIN

21,36 ,51,66 ,81 , 96 8 taN 
-

22,37 ,52,67 ,82 .97 7 MIN - 

-

Figures 3.2 .  3—3 , 3-4 show timelines for the day of launch -

(day 0), the day fo llowing launch (day 1) and the day preceding recove ry

(day 6). Crew activities are shown as well as the activities for the SlED,

00W pay load s and operational opportunities for companion cargo pay loads .

As can be seen from these tiinelines, the hypothetical STP mission can be

accos~ 1ished during on orbit single - shift operation. This is a result

of the 0CM!) target opportunities falling into a time span compatible with

a nominal single shift crew work/ sleep cycle . -

The operational tinieline was developed using the following additional ground

rules. These groundrules were developed by General Electrical from NASA documents

and are not necessarily the same as NASA and DOD grou ndru les.

1. 
- 

Each work day conta ivs an eight hour sleep period .

2. A minimum of six hours of sleep is requ ired by all crewmen pr ior

to reentry.
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- 3. Three hours of each work day is required for the three
meal periods. - 1 :  -

4. One and one-fourth hours of each work day is allocated to crew
pre- and post-sleep activities.

5. One-half hour of each work day L. allocated to crew dsbriefing/
briefing activ ities.

6. The first six and last eight orbits are dedicated to orbiter!
cargo activation/verification function activities.

- 
7. Paylo ad activities are terminated by 1800 hours of the day

prior to reentry.

3.8 Securi ty -

The security aspects of mann ed versus automated payload control modes were analyzed.

The results are shown in Table 3-12. For manned and automated payload controls, the

crew will requi re the appropriate clearances. For the automated mode, all equipment

will be on the STR In the cargo bay and only that area requires security controls 
-

such as equipment cover , shielding of electrical equipment from Inadvertent e,q osur e,

- etc. For the manned case , the control equipment on the AFD such as the computers

w ith Its software , data displays , etc . will also require security controls. In addition ,

the need to know and approved access to AFD equipment is required by the Payload

Specialists who will operate that equipment and probably by other crew members
- - - who have a need to be on the AID 

- 
-

For both control mode cases , isolation of electrical equipment is required to prevent 
- 

-

~~~~~~~~~~ inadve rtent exposure of data or -information . The manned case isolation requirement

is more extensive because of the greater amount of electrical equipment such as

the AFD couitro~~ quipment and the hardware from the payload in the cargo bay to the

Eacrypt ion/decrypt ion is requi?ed~ Q r b~~h control modes. For the manned case, It - - 

-
is possible that the Payload Specialist ced1d-be~ ra lned to do encryption /decryption

between the control equipment and the payload d~~ i~~~fligh ~~operatione. However ,

hardware would still be required In the communlcation.and tele uiètry links from the

— ~~~~ API) control equi i~iènt.~ j -

Orbiter to the ground. .

- 
- 

.
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The maintenance of security Is more difficult with man in the loop bec~use of the
possibIlity of human er ror. A totally automated system minimizes the number of

people Involved and on the Orbiter is the most secure control mode.

• The security aspects will have an impact on the selection of a dedicated control 
- -

- - system as compared to potential use of the IUS on Teleoper ator control systems as

- 
.. discussed in Sections 4.4 and 4.5. The security r equirements during ground operations
- - are almost the same for automated and manne d contr dl modes . The slight difference

- - is due to the additional equipment utilized In the t-nanned control mode, I. e., AID
hardwaie. Both modes require controlled - area s with alarms , guards and limited

-
g access; covers for equipment ; clearances for all personnel and need to know lists

- - for people who will work with the equipment and data . -

The conclusion drawn from the securi ty analysts is that there is little difference

In the complexity and cost of providing a secure system for the automated and manned

• control modes. The automated control system shows a slight advantage over the
manned control mode but it is not an ove~,riding factor in cQntrol mode selection .

For all activitie s In controlling the payloads during flight operations shown In Tables

3-5 through 3-9, the following rating applies to the securi ty aspects:
o Automated Control + 

-

o Manned Control (by Orbiter crew) 0 -

o Ground Control (by ground crew) -

_ -
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- - SECTION 4

TT PAYLOAD CONTROL EQUIPMENT 
-

0 S

-
~~ 

4.1 INTRODUCTION

The payload control equipment (PCE) consists of the equipment required by the payload

or mission specialist to control and operate DOD payloads mounted on an Standar d

Test Rack in the Orbiter Cargo Bay. This section identities the equipment

- requirements , identifies equipment sources from current progrems, evaluates

existing and new equipment, and finally recommends an approach and provides a list

of required equipment.

The sources of potentially usable payload ‘control equipment are console and rack

mounted equipment designed , and in some cases built , for use on the following programs .

o Basic Orbiter controls on the APT Fligh t Deck in conjunction
with the Orbiter General Purpose Computer

- o Space lab AFT Flight Deck controls used in conjunction with -

Iglocas par t of a pallet only configuration

o Interim Upper Stag e (IUS ) Communication Interface Unit used to operate
the IUS thru post-deployment activity

o Spinning Solid Upper Stage (SSUS) Controls

- o Teleoperator Retrieval System (TRS) controls

o Materials Processing in Space/Spacelab Controls

In addition to the above systems , a new system was defined using off th~ shelf

Ii equipment. This system is aimed at operating a variety of DOD payloads on STR .

- 
Each of the control systems will be evaluated against the general requirements

1. defined in Section 4.2. A control approach i~ recommended and an equipment

list def ined .

- 
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4.2 PAYLOAD CONTROLS REQUIREMENTS

Payloads controls on the APT Flight Deck (AFD) Is an Important issue which has

been addressed. The accommodations constraints imposed by the orbiter which - - 
-

influenced the results of this study are as follows :

(1) Available panel area , (2) available equipment volume , (3) weight 
-

constraints, (4) thermal dissipatIon , (5) power , and (6) video inter face.

The next paragraph def ines those requirements which are imposed for those exvsrimsnts

which will be assembled into a mission payload on the Standard Test Rack .

Requirements which are specifically discussed include display requirements , 
- 

-

control requirements , computer hardware requirements , computer software require-

ment a and a brief evaluation on the operational impact of not using USAF standard 
-

SGLS equipment for - communications.

1 .
4.2. 1 CONTROL AND DISPLAY REQUIREMENTS -

Requirements for a Con trol and Display System have been derived from several sources - ‘ -

and can be classified accordingly . Functional requirements have been obtained I
from analysis of typical operational scenarios for the various instruments to 

- -

~

be flown on STh. Physical requirements are the result of orbiter AFD accounodations

constraints ançl the functional requirements . In addition , the multi mission/ 
- -

multi—use aspect of STR places certain requ irements on the C & D system .

4.2.1.1 FUNCTIONAL REQUIREMENTS FOR CONTROL & DISPLAY -

The C & D system must provide the functions to the payload specialist station to

enable experiment operations , experiment pointing control , a minimal amount of

experiment performance evaluation , and experiment computer software updating .
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Experiment operations requirements identify those capabilities which the

payload speciali st uses to communicate with the payload and vice versa.

Necessary switches , bu tt ons , and keyboards , must be provided so that payload

subsystems can be activated and deactiviated and both discrete -and parametric

fT commands can be delivered to the payload to direct payload operations. Display s

must be provided so that the payload specialist can verify imp lementation of

j comma nds which have been entered , monitor execution of the experiment tlme line,

- and to monitor engineering or science data to assure proper and safe operation of

the experiment.

- The capability to -monitor and control ind ividual experiment pointing must be provided.

- Capability should be provided for payload specialist updating of experiment computer

• software because of the effective slow uplink command bit rate (+100 BPS) due to

~ I. holds for error checks, command repeats and potential competition for command -

uplink from Orbiter and other users. This updating capability can be limited to

- modifying constants, table entries, etc. and need not Include an aynamic reprogramming

- capability. 
-

- While the &rR itself requires some control and monitoring it has been determined
j that the functional requirements identified for experiment control will be sufficient

for theSTR. -

- 

- -

_

1i - - 

- 

-
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4.2.1.2 PHYSICAl. REQUIREMENTS r-~~ CONTROL & DISPLAY ( C & D ) -

The equtpments selected for the control & display system must operate within

the physical constraint s imposed by the AID accomodatio ns (see para 4.3) , provid e

the functions listed in the previous paragraph and be flexible enough to support

several experiments on a single flight , and be capable of being used on a flight

to fligh t basis without being modified . A final requirement is that the STR

C & D system must not require a disproportionate share of available AFD accomodations —

such that other payloads would be excluded from flying with STR. The cost impact

of such an exclusion would be dramatic. The physical elements of principal concern

are panel surface area , equipment volume , and power. The requirements for each of

these is surnarized in Table 4-1. -

TABLE 4-1 C & D PHYSICAL RESOURCE REQUIREMENTS

RE SOURCE AMT. AVAILABLE SiR REQ ‘MT. *

Panel Surface 23.33 sq. ft. 4.21 sq. ft. 
-

Volume 21. 65 cu. f t .  - 5 . 4 3  cu. ft.
Power 750 watts - 50 w a t t s  - standby

- 

- 600 vatts-o per at in~

*Systen design r equirement based on limiting equipment to one panel in APT
Flight Deck.

** IUS requirements: Panel volume 
- 

5.43 cu. ft. 
-

Panel surface area 4.21. sq. ft.
Power 150 w(CIU) up ~o S hours

The panel surface area for the C & D system must fit in 4.21 sq. ft. which is

25~ of available surface areas. - [
The vblume of C & D electronics must be less than 5.43 cu. ft. ~~~~ 

- 
-

_ _  
-. 
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-

i Power consumption must be less than 600 watts when in operating modes and 50 -

watts in stand-by modes. The stand-by mode consumption figure is somewhat

arbitrary while the operating modes figure is what would be available if

3 companion payloads were permitted 50 watts of stand-by power.

- -  
4.2.2 COMPUTER REQUIREMENTS

~ 1 .  Recent technological innovations in computer hardware have substantially lowered

the unit costs of computer equipment and has caused emphasis to be shifted to

~software development and integration as cost drivers for a data sys tem since

I both are high ly labor intensive activities. This section discusses both hardware

and software requirements for the C & D computer system.

Computer hardware requirements are discussed below: -

- o The computer itself should be a micro-processor with a 16 bit

word-length in order to provide sufficient computational accuracy for

-- 
engineering unit conversions , etc.

o The computer must consume little power .

o It must use a st andard , c~~~~only used ins truction set ( i . e . ,  IBM ,

PDP-ll) in order to facilitate software development , test , and

integration on other than flight hardware . - -

o The instruction set should contain both fixed point and floating point

arithme tic instructions . -

- o The computer architecture should be highly modular and reconfigurable

- - 
from mission to mission so that extra equipment is not flown and cause

ne.d1e~s consump t ion of power and space resources.

L a A recorder and storage device is required to store experiment data and

hold computer programs.

L A  ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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o The computer should be of sufficient reliability so as to preclude

necessity of redundancy in order to achieve .99 reliability .

- o Serial and parallel I/O channels are required to accomod ate both high Li
rate and low rate data.

The following software requirements have been identified ;

o A common higher order language progr amming capabi-lity is required .

o Common processing functions should be reuseable from mission to

mission by developing an operating system which not only manages

sys tem resources but provides the following common ly used services

to experiments :

- limits checking and alarm reportin g

- process keyboard inputs and service display requests and command

entries . -

- formatting down link data. -

- special self Interpretive flight Instruction set.

4.3 AFT FLIGHT DECK DESCRIPTION

The AFT Flight Deck is the area in which man will function to control-and operate

the DOD sortie payloads . An isometric of the AFT flight deck area is shown in

Figure 4- 1. It is desLgn~-’! to accommodate two functioning crewmen in a clear

floor space of 6¾feet by 3~fee t. One of the crewmen is the Mission Specialist

who is controls the Orbiter /payload interfaces. The other is the Payload

Specialist who controls and operates payloads. When it is necessary to maneuver

the orbiter from the AFT Flight Deck , the pilot or commander will operate the

APT Flight Deck Orbiter flight controls. The Mission Specialist and the Payload

Specialist fUnctions are secondary and the specialists wifl stand out of the way.

— 
. The pane l layout on the AFT Flight Deck Is shown in Figure 4—2. The view is

looking AFT along the Orbiter X axis. The shaded panels are available for payloads.

- The unshaded panels are dedicatsd to the orbiter . Panel R—l2 contains the Orbiter

—58—
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control keyboard and ~RT which can be utilized by payloads when not being used

by the Orbiter . Other payload utilizable areas are as follows :

o A standard switch panel usually mounted an L-l2 pane l surface

i f  o Closed circuit TV 
-

o Windows

- 
o Audio communication sys t em (panel L-9 in the Payload specialist station.

In addi tion, the Remote Manipulator System provides payload services (operated

by the Mission Specialist) and is controlled from Panel A7, AS and Panel 140

(hand controller adjacent to panel A8, not shown).

A summary of the surfac e area and volume avalable for payloads control equipment

is given below. -

Table 4- 2 SURFACE AREA AND VOLUME FOR PAYLOADS CONTROLS

- 
SURFACE VOLVME,

AREA, rr~
- - 

-

- 

A6—A2 1.84 1.07
A7—A2 1.84 1.07
L1O 2.83 4.31
Lll 2.83 4.31

- Ll2 2.83 4.31
L13 1.83 

- 
-

Ll4 1.83 —

Li L15 - -
Ri 1.84 0.97

1) Ru 2.83 - 4.31
R14 1.83 -

ADDITIONAL - 1 3  (Under LlO and Lll)
TOTAL 22.33 21.65

-61-
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Panels Rh , LlO, LIt , LU , are standard 19 inch racks conforming to MIL-STD-189 L
and can accommodate 135 pounds of equipment. Panels R-7, A6A2 and A7A2 can carry

30 to 40 pounds of equip ment . : 
- t- -

The electric power available for payloads on the AFT Fight Deck is given in

the table below . -

TABLE 4-4 POWER AVAILABLE FOR PAYLOADS - AFT FLIGHT DECK

POWER , WATTS *

- 
PAYLOAD ORBITER GHOUWD

OPERATIONS - OPERATIONS

AVERAGE 750 350 750

- 

- 

l000** 420*** 1000*

* Not Par t of Payload Bay Power

- ** 15 Minutes/3 hours

*** 2 Minutes/Mission phase

AC electrical power is provided at various interfaces at 115 ± 5 volts.

The electrical energy used on the. AFT Flight Deck is chargeable to the individual

user payload s, for deteriination of costs impact over the -50 KWH allowable for

payloads. (See Reference 2)- . Cooling of AFT Flight Deck payload control equip-

ment is provided by drawing air from the cabin through the equipment into the

Orbiter ducting system . Cooling is distributed between the Payload and Mission

Stations , as required , so long as the maximum total heat load is not exceeded .

The Orbiter provides cooling for the removal of a maxi~~~m of 750 watts average ,

and 1000 watts peak (15 minutes once every 3 hours), from mission and payload

stations during on-orbit operations. Cooling in excess of 350 watts requires equal

reduction In the cooling provided by the payload heat excha nger. For prelaunch ,

- 
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~~~~~~~~~~~~ ascent , descen t , and post land iüg the combined maximum of 350 watts are Orbiter —

;;ov1 ded~ The above yalues shall include up to 100 watt s cooling for AFD payload

equipment consuniing~jmal1 quantities of power ( 10 watts each) by direct radiation

or convection to the cabin~ lpe~Lfic forced-air cooling is not provided . Storage of
additional loose payload equipment is genirally not available on the API’ Plight Deck. (See

Reference 6). Lockers A-16 and A-17 storage are~~See Figure 4—2) contain mobile
TV and communications equipment. It is possible that some or all5 9f this locker volume is not
used on IUS flights. It would then be available for payload equipment. There are 89 cubic feet of
storage vplume on the mid-deck some of It in a limited number of standard storage-containers.

The rest is below the mi~d-deck platform. The standard container can hold 80 pounds of ~~~
- - -

- 
equipment. ~~~~~

-- j.

FIGURE 4- 3 - 
- STANDARD MID-DECK STORAGE CONTAINER
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The JSC proposed ground rules for usage of the panel facilities are shown below ; 
- -

Table 4-3 Proposed AFD Panel Space Guidelines for Mixed Cargo Elements -

• Space will be allocated on the basis of equal shares for four cargo elements .
Larger elements (e.g., IUS) may be allocated two shares .

• Location L-12 will normally be utilized for- the GFE standard switch panels
(1 or 2 , as required ) and the GE manual pointing control/jettison panel.

• One standard switch pane l is required as a minim~mi for all flights, to
provide power distr ibution for the timing buffer and other AFD users.

• One-half of one GFE standard switch panel (12 switches and 12 talkbacks ) is
allocated to each of up to four cargo elements.

• One-half of the space of L-1O or L-ll (l9”WxlO ~j”Hx20”D) is available for
user-furnished items for each of four cargo e lements.

• Specific location of panels on the AFD is at the option of the STS operator
and may vary from flight to flight.

• Additional panel space at the orbit station and the mission station is
availafrle , but limitations of wiring accesj, cooling , and panel depth are severe - - -

- - - Utiliza t ion of these spaces may further be limited to functions which require
- - - - out-the-wind ow viewing, or in the case of the mission station , concurren t

~~
- -~~ access to the Orbiter MCDS .

• In fltghts carrying Spacelab with another cargo element , the “other ” element
will be ahldcated one-half of one standard switch panel and one-half of L-lO
or L-ll. 

-

• Pane l space assigned to a “cargo e lement ” must satisfy the carrier and its pay-
load , plus ASE for both .

• Space beneath the PSS consoles for “black boxes” such as RAU , DEU, should be
assigned as a last resor t , since the space is insufficient for 4-way sharing .

4.4 Exist ing Equipment

This sect ion con tains the results of a survey of existing equipment potentially
usable as payload controls. The equipment examined includes Orbiter, Spacelab,
IUS , SSUS, Teleoperator and MMS Controls.
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4.4. 1 ORBITER CO 1’ROLS

4.4.1.1 ORBITER CQNTROLS/STt—I.NTERFACE

The STE system defined in Reference 1 shown in Figure 4—4 must be compatible

with the orbiter controls defined in Paragraph 4.4.1.1. The STR sys tem was designed

to allow DOD payload control from the ground thru the SGLS comminication system .

An analysis of the Orbiter controls system shows that it has sufficien t capability

and capacity to opera te and control DOD experiments and the SIR , including an -

-.- SIR mounted pointing system . (See table 4— 5 )

TABLE 4-5 ORBITE R GPC CAPABILITY
- - 

o Accomoda ting of a large number of swi tching func tions
o Processing of 500 discrete/analog parameters for

- data acquisition
- - 

. 
- failure detection and annunciation -

- table maintenance
- 

— checkpoint -

- display -

- - dowfllist
o use up to 5 display s

- 4 MDM discrete command (20 items/display)
- 1 SM-type or table maintenance or subsystem configuration

monitoring .

- However , there are Some limitations and some add it lona l STE hardware and

interface hardware which ~.re required. These will be discussed In the following

paragraphs which also describe the usage of the Orbiter controls system.

Programs for controlling , operating and monitoring the DOD payload/STR maybe

stored in the GPC. This requires that a definition of the software and GPC

requirements be available 36 months prior to flight since Orbi ter capabili ties

are shared , many of them on a ~~~ 3/4 or total share basis . Software may be

- 
- compatible with the GPC format and therefore will probably be developed by JSC/IBM.

- This involve, a DOD/payload contractor/STE integrator/RI/JSC/IBM interface. The

- programs can be accessed from the AFT Flight Deck via the keyboard. Discrete

commands to the pay load/STE are transmitted from GPC via MDM to the payloads.

Serial dLgital c~~~ands flow from GPC to MI*I thru the Payload Signal Processor

and then to the sortie payload at 8 KEPS. (See Reference 2). Data from the

• - 
payload for display is routed from the payload to the PDI to the PC*4U to the

~I i.-4 GPC then to the cRT. This data is limited to engineering data at 64KBPS . If

t ~ high or medium range payload data is to be displayed , it mus t be subcommztated

to 64KBPS , engineering data level. This would degrade the resolution and may 65
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rendor the data display unusable.

To make the SIR sys tem compa tible with the Orbiter Controls system, an encoder

must be added so that commands will be compatible with the existing decoder and permi t

.~. control from the ground as an alternate commanding mode. In corpora ted in the

System encoder would be a capability for switching from on-board to ground control

coi~u”-anding modes. In addition, a buffer must be added to the telemetry unit

for low rate data and to the payload interface unit for high rate data. These

buffers would control data path s to either ground or AFD or both. In addition

to these changes , adding an FMDI4 (Sperry Modular Inter-face Unit Type) at the STR(FlgUre 4—5)

would reduce the.numb.r of wires to the AFD control panels. This would reduce

payload fliaht weigh t and ease the integration and orbiter capability -shar ing

prob lems. -

- - FIGURE 4—5 
- 

FM~’f LOCATION ADVANTAGE

- 

~76
_______ 

3ULIc1~!*D) P/LOAD 

-

GPC -
~J i/i —;-[ ii--li:i D1S~RETE

_________ MOM -- -
~~ COMMANDS

p/ti
‘us

I 
~~~ ~76 -

ORI!?!~ PULK
~~~~~? PILOATI

- [ GPC _J— 4~~ s[Fux 

~~~~~~~~~~ 
-

This FMEt4 is similar in function to the ME*4 described in paragraph 4.1.1.1 with

- - half of its capacity 
-

Controlling a pointing system can be accomplished using the Orbiter controls

____ 
keyboard and data display and the portable MPC. The IPS , ASPS and points pointing

systems were considere d. Each of these processes stability and pointing in

- 
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puts and gener o tes commands to its torgucrs using its own mini-processor or
• 9~~~ 

L .
computer. The ASPS system is shown in Figure 1r’ll as an illustration. Showi ng

L
__-__- -_

- PAYL0AD..,.~~~
1 J PAYLOAD INTERFACE ELECTRONICS

- 

INERTIAL SENSORS. 
~~~~~~~~ EXPERI MENT DATA BUS 11

MAGNETI C ______ ~~ VERNIER ASSEMBLY -ACTUATORS 
______  __________ (.1 s~b3 -

• 

OPTICAL COARSE GIMBAL S ICOUPLER _
~

_
__ TlJ}— 

LATERAL/ELEVATION

I — i  
_ _ _ _  

L
SHUTrLE M ECHANICAL 

______________

INTERFACE 
-

0 STD TEST 

~c~F’~r T~I I ~ 1
MECHANICAL INTERFACE -

Figure k~ti ASPS Pointing Sys tem

the NASA Standard Computer NSSC-II as the dedicated procesiing unit. The other-

Orbiter services which are available and controllabl e from the AFD are

• Cloeed circuit television monitors 
- -

• Timing inputs

• • GR~C inputs

These inputs , if utilized by the payload , can be controll ed from existing AFD

Orbiter controls and only require the tie to the payload , which is a usage , not -

a control function. - - -
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_ _ _ _ _ _ _ _ _ _ _ _r 4.4.1.2 Evaluation of Orbiter Controls Usage For DOD Payload.

The advantages and disadvantages of using the Orbiter controls and the on-

board systems to control DOD payloads are as follows:

Advantages 
-

• The system has the capability to control the DOD payloads with certain

restrictions (See disadvantages). 
-

- - • The new hardware required (i.e. FM DM, encoder, harnesses) is minimal.

(Since the usage time of these controls by the Mission Specialist to

manage and monitor the Orbiter systems is not defined , it may be necessary

to provide an additional console, both of which can be used for - Orbiter

Systems Management or payload control. 
-

- - 
• Using Software which is integrated into the Orbiter Muster Measurement

list assures that all activities are compatible with the Orbiter activities.

The Disadvantages are:

• - Sharing the c~ntro1s with the Systems Managemen t of the Orb iter and with

other payloads limits the availability of the controls for DOD payloads.

This situation will vary from mission to mission. On missions where other

payloads are deployed, the controls are totally available for the DOD pay-

load.. On Spacelab missions where the Orbiter controls are utilized by

Spacelab payloads, the competition for their use exists throughout the -

mission. The problem of sharing can be alleviated by the use of additional

equipment such as panel switches, deploy CRTS, keyboards. 
- 

However the

GPC, 11DM and other integral Orbiter equipment could not be duplicated

t. wi thout great ly increa sed costs.

• Ther e are several limitations on data handling using the Orbiter controls.

- 1. The GPC cannot currently be used as par t of an automatic control loop .

r The crewmen can’be alerted via CRT or warning light , but he must initiate

the further action .

69



2. Data processi ng for interaction is currently not done by GPC.

- Interactive processi ng imist be done by payload equipment since the -

GPC is limited to limit comparison functions. -

3. Only engineeri ng data can be disp layed and monitored. High and 
-

medium rate data must be subcoimaitated in which case , resolution
- 

is lost. -

e Software must conform to GPC format. This involves a costlier Software 1 - -

ef fort than for- a simpler system such as a micro-processor.

Since RI controls the inputs, JSC manages the software and IBM develops the

sof tware, an extensive interface is involved. Integration requires a period of

greater than 18 months. The procedure is a follows:

- 
1. Submi and Software requirements to U using one or both of the following 

-

forms. 
- 

•

MSR - Measurement Software Requirements

PSSR - Functional Subsystem Software Requirements

2. RI will prepare inputs on cards and submit them to JSC

• 3, JSC integrates the requirements with other payload and Orbiter req uire-

ments. JSC than directs 13)4 to prepare the software 1 
-

- 4. IBM creates software.

The above procedur e must be comp leted 3 months prior to flight. It must also -

add time for RI activi ty and pay load integrato rs to prepare the requirements. - 
-

• The software integration aid checkout tasks are cost liar since integration 
-

with other payload s is required , simulators may be necessa ry etc. j
• Security limitations may require the use of a dedicated control system on the AFD. :~

~~4.4.1.3 Recommendation 
-

The evaluation of the use of the Orbiter controls for DOD payloads Indicates 
-

- 

- 

- 70 
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that th . capabili ty exists to contro l those DOD payload s with simple control - 
-

and monitoring requir ements. Because of the sharing , which is on a one fourth

basis, with other payloads , the capacity available to the DOD payloads will vary

from mission to mission . -

-. Due to these factors , the data handling limitations , and the estimated high

software costs associated with GPC, the Orbiter controls are not recomeended for

complex DOD payloads such ~s BMD, SLED afld HIRISE.

~

- 

1’ - 

-

‘ - - 
-

F 
- -

LI L •
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4.4.2 SPACELAB CONTROLS-

4.4.2.1 Evaluation

-A review of the manned interface capabilities for Spacelab pallet-only type

payloads clearly indicates that the Spacelab equipments could be used with the

DOD Standard Test Rack (5TH) in a manner- very similar to the currently planned

Spacelab missions on the Space Transportation System.

The Spacelab electronics, controls and displays as presently configured for the

Shuttle Orbiter aft flight deck provides a means for the STS Mission Specialist

and/or the Payload Specialist to interface and to interact directly with the

pallet-only type payloads while they perform their orbital operations in the

cargo bay of the Shuttle Orbiter.

If the STR is used for èelected DOD experiments aboard the Shutt le in low ear t1~
orbit , the Spacelab equipments can be used with the STR to provide a capability

for manned assistance to the DOD experiments during their- orbital operations. - -

In order to accomplish this, it will be necessary to integrate the STh with the

Spacelab Igloo as a cargo bay payload. - This is required because the actual

implementation of man ’s activities in the autonomous operations of the STE. is

initiated by the man on the Orbiter - AID via the mission and experiment station -

display s and controls , and especiall y via man ’s command inpu ts to the 5TH using

the computer keyboards on the AID . The Igloo is essential because the Spacelab

subsystem computer and the experiment computer and their supporting subsystems

and peripherals are normally mounted in the Igloo and it is through these computers

- 
that the man ’s command s,initiated at the keyboards on the Orbiter AID , are actually

formatted, addressed and directed to the proper parts of the payload for implementation.

Since the payload support subsystem operations and the experiment protocol operations

-~ 

- 
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are cot~trolled by the stored software programs in the computer memories, man’s

ability to intervene in these pre-progr-amed operations and to modify , revise, repea t -

or even rewrite the preprograrmed operations from the AID keyboards gives man

- - direct access and over-riding control of these functional operations out in the

cargo bay payload.

Since the Spacelab support subsystems, the STR support subsystems and the DOD

experiment functional operations are all fully automated for autonomous operations,

the capability for manned intervention and revision of these automated sequences

• provides a means for man to use his unique capabilities to monitor, control and

to optimize the performance of the orbital experiments in real-time , on-the-spot,
- - during the space mission.

For some DOD experiments, the provisions for man to see what the experiment

sensor is seeing and to perform fine sensor pointing adjustments will allow

the man to use his unique abilities to recognize targets of opportunity and to

provide direct control of sensor pointing mechanisms to align the sensor on

specific targets being sought. While such functional activities can be automated

to some degree , it is usually more cost effective to let the man perform such

operations than to develop automat ed equipments to perform such complex functions ,

particularly if infrequent usage is anticipated. 
-

In order to use the Spacelab Igloo with the STR as an automated payload , there

are some problems that would have to be resolved . The Igloo is normally attached

to the Spacelab Pallet as part of its structural mounting in the Orbiter cargo

bay . If the STR is used in place of the pallet , it will be necessa ry to pr ov~~e

- - 4 L4 the structural support to the Igloo that is normally provided by the pallet

structure. Simi larly , the Spacelab active cooling loop for the equipment in the

Igloo normally utilizes the Dual Freon Pinnp Package and Accumulator, mounted on
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the forward edge of the pallet , to circulate freon 23. thru the Igloo cold plates

and the Orbiter heat exchanger . It would be necessary to relocate and mount the

Freon Pump Package and to provide electrical harness and freon tubing to reconnect

this pump package. This would include on/off signal harness from the pump package

to the subsystem computer I/O and power cab les from the subsystem 400Hz inverter

in the Igloo to the dual pump motors. • -

Electrical and electronics units and cabling on the Orbiter AID and from the

AID to the Igloo in the Orbiter cargo bay should be available as part of the

Spacelab/STS system; however, for Spacelab pallet payloads, the Igloo is normally

connected to an experiment remote acquisition unit (RAU) that is mounted on a

cold plate on the Spacelab Pallet. It would be necessary to relocate this RAU ,

perhaps on the STR , and to provide an experiment da ta bus harness from the Igloo

interconnecting station (IS) for the experiment computer I/O unit, to the new

RAU location. This RAIl also requires a cold plate mounting to dissipate thermal

energy and is normally on the Spacelab freon loop for active thermal control. All

commands, data signals , and timing signals from the STR and its DOD experiment are

routed thru this RAIl to the experiment computer and thence to the rest of the

• Spacelab CDMS and to the Orbiter GPC.

4.4.2.2 Recom~n~ndatjong

While it is evident tha t the Spacelab equipment can be used to provide manned

assistance to the STR and DOD experiments during their orbital operations aboard

the Shuttle Orbiter with probable enhancemen t of the overall experiment results

achieved , it will entail additional costs and complexities on any given mission

as compared to the cost and complexity of an autonomous STR mission. However,

siace the Spacelab system will be available and fully integrated and qualified for

fligh t missions on the -Shuttle Orbiter , it would certainly be cheaper to use it

th~~ to develop fabrica te and qualify a similar system of comparable capabilities.
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-Genera l Electric recommends that the following tasks be further - eva luated relative
- 
to the potential use of Spacelab equipments to provide manned assistance to 5TH

1. and DOD experiments aboard the Shuttle Orbiter:

1) Determine which STh/DOD experiments would benefit most f rom the use of

Spacelab equipments. - -

- 2) Determine the cost/availability of Spacelab usage relative to the specific

DOD experiments~ time schedule requirements.

- 
3) Determine the specific functional operations that the Spacelab equipments

- - can satisfy for a typical DOD experiment from Item 1 above.

4) Provide a preliminary design and cost analysis for Item 3 above.

5) Provide recommendations -for- the DOD experiments identified in Item 3.
F -

above relative to their use of Spacelab equipments. 
- - 

- -

- 
4.4.3 Interim U~~er Stage Controls -

- 4.4.3.1 Description

Although a number of studies have been performed , including the two referenced

above and others , the current status of ITJS controls for use aboard the STS

Shuttle Orbiter is confined to a single package of avionics and a single control -

- 
panel designed for use on the aft flight deck of the Orbiter. Based upon a

private telep hone conversation between the~~~ study personnel and a key individual.

- at the Space and Missile Systems Command. (SAI4SO) , Air. Force Systems Command,

- .  Los Angeles, California , on October 13, 1978, the existing IUS Control Panel is

I strictly dedicated to the IUS functional operations required. This ’unit is

• designed for installation on the Payload Specialist ’s Station at either pane l

~ 
[ L 10 or L II (See Figure 4-1 shown previously) . The avionics electronics

associated with this control panel is mounted directly below the pan el in volume

L 13 or L 14 on the Orbiter aft fligh t deck. Figure 4—7 
• shows a block diagram

of this IUS Control System. 
-
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I TUS CONTROL . 4 BUTTONS
I PM1~L . 2 THUMB SCREWS

• (ON AID~~~ANEL L 10 or L 11 ) ~~~~~~~ LIGHTS

I DEDICA~~D IUS I )1 FREE FLYER
LE~ECTRONICS t I CRBITER CONTROL

(IN AID1
~~OLUW L 13 or L 14) I• 

• I
~~~

I COMMANDS I TZ) ±IIS
COMMANDS OUT4 . ENCRYPT

IN —~~---_. DECRYPT £

- Figure 4—7 IUS Controls Block Diagram

‘ According to the information received in the telecon mentioned above , tie IUS

Contro l. System that currently exists is unique to the r equirements of the IUS

functiona l operations and it is not applicable for use with the Standard Test

Rack for any purpose other than control of an IUS should this be included in a

DOD experiment in the Space Shuttle.

4.4.3.2 Inter-faces 
-

The IUS Control System is de~igned to fit the standard control panel mounting s

on the Orbiter AID and the electronics package is designed to fit the AID L 13

or L 14 volume dimensions . 
-

4.4.3.3 IUS Evaluation

The current design IUS Control System Is not applicable for use with the DOD Standard Test

Rack for DOD experiments aboard the Shuttle Orbiter.

4.4.3.4 E.ec~~~~ndations

Although the existing IDS Control System is not applicable for use with the STE.,

considerable effort is still being expended relative to potential additional
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• 

-

- 

equipments that could be developed for use with the IUS . These items include

studies of the potential for using the Or biter Genera l Purpose - Computer (GPC)

for IUS control , studies of a mamial switch panel which would be activated by

crew members to control. the IUS via talkback indicators , the development of
f ~~

*

- - 
Airborne Support Equipmen t (ASE ) for the IUS, studies of the software require-

ments if the GPC is used to control the IUS via the Specialists Functio n control

organization. in the app lieations software , etc. Since the computer software and

- - - hardware provides a capability for implementing special ist functions as part of
- 

Y 
- 

the Systems Management functiona l area in the form of tables of discrete cossainds,
- 

the IUS switching functions could be controlled as part of the existing GPC operati ons.

F • ~~
• 

-

- It is recommended , since so many areas of IUS controls are still und er investigation ,

- that the potential for using the IUS controls with the STE. be further investi-

gated with the intent of determini ng if the IUS/STR Control, functions have, or

could have , major coizinonalities that would let- one unit be used for both STL and

for- IUS . If practicable , such a common control unit could be especially valuable

to DOD because many STS launche s tha t would include IUS stages could also ac-

- 
coi~~~date the STE. with various DOD experiments. This coiflbination has added pot-

ential economi c and operationa l benefits since , on a normal IUS mission, the IUS

- is dep loyed the first day in low earth orbit , and this could leave the STE. and

- DOD experiments in orbit for the remaining 6 days of an STS sorti e mission, with
- 

the full capabilities of the Shuttle Orbiter- and ite crew available for STE.

operations prior to its return to earth.

~ t __ -

4.4.4 SSUS Controls

U The Solid Spinni ng Upper Stage (SSUS) is being developed for payioads 
-

- - F which will operate in orbits not achievable with the STS. The SSUS is controll ed

and moni tored from the AID prior to dep loyment . The Orbiter Control pan~1 and

El G?C, MDM etc., are utilized as described in Section 4.4.1. Sixteen swi t ches on

the standard switch pane l and tie shuttle keyboard are used for a re lative ly small

~II 
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• U
number of commands and data points. Hardware and data bus are used. After deploy-

ment, the SSUS is controlled by a timed sequence function in the SSUS itself. No

unique SSUS equipment exists which could be utilized for controlling DOD payloads.

4.4.5 Tel.eoperator Controls

- 

-

4.4.5.1 Teleooer-ator Controls Descrintion

The Teleoperator Retrieval System (TRS) is a free flying spacecraft deployed fr om

Shuttle which can rendezvous and dock with other spacecraft and provide various

subsystems support to them. It also has manipulator ar-ms which can perform

‘ servicing functions. The current version is a short life control capability designed to

maintain the Skylab Orbit. It has boost , deboost , deployment and retrieval

capability. The TRS configuration is shown in Figure 4-8.

I~ AI MMT (~ Pt~CU) 
- 

osoa (2 fl~~~I)

mmmc L u !  (2 PUCU)
RE~

5 - AP~~~O cirn
I

- ,
-
.‘~
‘ 

-

0

o -

V

PMIVL8CII
(~~PUc*I)

Figure 4—8 Teleoperator Retrieval System Configuration.
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The cradle WhLCh suppor ts the TRS is shown in Figure 4-9.

- - 
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- 
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X0 1013.93 - 

•
-
~~~- - - . 

- - /
Trunnion ~. -  

- 

- 
\- - : - • -

_

_ -
- - - 

Z 359
Fitting - -:  - 

- /

4 P laces - 
- 

- - - - - ‘ 
/ CradielOititer

/ 
- Connectors

Self-Ejection Mechan sm Kàel FiLling - - 
-

;1057.20 VQ 0.00 
-

Figure 4—9 Teleoperator Retrieval System Cradle (TRSC)

The Teleoperator is self-deployed from the Orbiter cargo bay , controlled - duri ng

free flight and rend ezvous/docking , and re trieved using the Orbiter RNS and re-

secured in the Orbiter cargo bay . All operations are controlled from a dedicated

- - 
console mounted in the L-ll panel on the AID. A description of the Teleoperator

control system is contained in the following paragraphs.

The Orbiter crewmen will be provided with three devices to Interface directly

with the Airborne Support Equipment Computer (ASEC) and indirectly with the

f 
TRSC for the purpose of controlling and monitoring the TRS Spacecraft. The

devices shall be as follows. 
- 

-

a. A terminal consisting of a 32 button keyboard (FLBU) , a CRT display

unit (DV) for video and graphics , and an IBM SPOA computer grid as-.7
sociated hardware (DElI) ;
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b. Two hand controllers to control translationa l and rotational thrusting;

c. A contro l pane l of switches for power application and subsystems manage-

- 
merit. In addition, some switches on the Standard Switch Pane l and the

jettis on control pan el are used .

The Teleoperator Controls are shovi in Figur e 4-10.

These devices will interface with the ASEC by -the Aft Fligh t Deck Interface

Electronics (AFDIE) . The ASEC shall accept commands from these device s for the

following:

- 
d. Controlli ng operationa l modes;

e. Selection of displays;

f .  Select individual or string power commands , camera commands, lighting

- 
- commands, and probe commands; -

g. - Rotational and Translational hand controll er comma’nds.

The DEU will be the primary device for cont rolling the TRS mission through the

selection of mission modes. The mission is divided into major operational modes

called OPS modes. These OPS modes describe the state of the ASEC and TRSC required

to support the TRS mission phase. The modes are selectable from the DEU keyboard.

These modes are defined in Table 4-6.

- - Table 4-6 Operations ~~des Descri ptions

OPS Mode Function

700 IDLE

701 ASE In-Bay Checkout

702 TRS In-Bay Checkout F
703 - 

- 

Deployment

- 

704 Rendezvous & Docking

705 Deboost

- 
706 Reboost 80

707 On-Orbit Storage

- 
708 Retri .vai,
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All transition s between OPS modes shall be legal . An overview of the Orbiter

crewmen interfaces with the TRS Spacecraft is shown in Figure 4—11.

1
The Orbiter crewmen terminal consists of a 32 button keyboard , a Cathode Ray Tube

(cRT ) display unit, an IBM SPOA computer- and associated hardware (Display Electronics

Unit (DEU) , and software (DEU Control Program (DCP )).

a. The Keyboard Unit (KBU) consists of 32 buttons Layed out in a 4x8 format

- 
shown in Figure 4—12, below.

- 
Fault Sys MSG
Su~ni Summ Reset Ack

Not 
~~~~ _ _ _ _ _ _  

A B C
Used ~~~ - 

-

D B F

Item 1 2 3

Fxac 4 5 6 
-

Ops 7 8 9

Spec 
- 
- 0 +

Resume Clear • Pro

• Figure 4-12 Keyboard Layout 
- 

-

b. The CRT Display Uni t (DU) has a 5” X 7” scr-een;

C. The DEU consists of an IBM SPOA computer and associated electronics.

In addition, the DElI has two imutually exclusive inputs for TV video

signals to create a 525 line TV disp lay ;

d. The Aft Fligh t Deck Interfac e Electronics (AIDs) consists of a Multi-

purpose Interface Adapter (MIA) to interface with the DElI and a 24 bit

buffer to interface with the ASEC and slow down the bit rate from the

—82—
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DElI to the ASEC or speed it up in the opposite direction.

e. The ASEC computer is used as intermediate storage for passing control

commands from the ICBU to the TRSC and passing Telemetry (TM) Data from

the TRSC to the DEU for display purposes. 
- - :

4.4.5.2 Teleooerator Controls Interfaces

The controls comminicatton path to a TRS Spacecraft in the free flier mode is

through a dedicated coemainication and data handling system mounted on the TRSC

(see Figure 4—9) . The interface is thru a harness from the AID designed for

the TRS system. This system has a minimal interface with the Or biter.

4.4.5.3 Teleooerator Controls Evalua tion
p

The Teleoperator cradle (TRSC) is similar to the STh in that is provides a great

deal of TRS autonomy with respect to the Orbiter. The current AID controls hard -

ware is a short -life patch-work system designed for early usage to “save” the

Skylab. It meets many of the requirements of a basic controls package . Its

electronics interfaces and manual controls are designed to accommodate its unique

purposes of deployment and steering the TRS in free flight. A design of a Long

F term, more flexible control system is in progress at MSFC.

4.4.5.4 Recommendation

It is recommended that the design of the Teleoperator controls be examined in

depth to determine if the components can be utilized. It is also recommended

that the current design of the TRS controls be examined in detail to see if a

control system to satisfy TRS and DOD payloads can be developed. Such an analysis

should include mission analyses to determine common flight potential since both

TRS arid many DOD payloads would utilize imich of the on Orbit time of any given 
- -

- - 
- mission. [1

- 

-84-  



r - ----v------------— - --- -—-—-- — -
~~

—--——
~‘—-------—-~

--— ------ ---—-—-—- ------- ----- - --------- -~~~~

- 
-

Ii 
-

4.4. 6 Flight Sui~ ort System (FSS) Controls For- The NASA MMS

The system utilized to support and deploy the NASA standard spececraft (Multi

- 

- Mission Modular Spacecraft, MMS) is the Flight Support System. It consists of a
support cradle with attach and release mechanisms which are controlled from the
AFD MCDS panel. A dedicated FMDM Is. Included In the system to minimize the

wiring Interface between SSUS in the cargo bay and the AFD. A total of 50 conlrnRn ds
and 62 telemetry data inputs are provided for the cradle mechanisms, SSUS and its

I payload.
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4.4. 7 Dedicated System Description

A typical dedicated Commune and Display (C&D) System for STE experiments is
described In Figure 4-13 within the heavy lines.

SIR 
~~~~]_ _ _ _ _  

SIR
_________________ _ _ _ _ _ _ _ _ _  

TELEMETRY E
- UNIT PAYLOADS

_ 
p

~~~~~~AD

~~
S
~~~~~~

4AND
S7J!~~~~ I~~~ç

ER
_

I C&w 
1

( M E M~RY ~ 1
1

~~ 

LJçJ
DATA & TLM

— —. “
~~~~
“ DOWNL)NK - t

- 

I 
H

Figure 4-13 Controls and Displays Block Diagram

Key elements of this system are the computer and t1~ CRT/keyboard for display and

control. Only the CRT and keyboard must be mounted on the AFD. The other C&D - -

elements within the heavy line can be mounted on the AFD or on the STE in the cargo

bay. The elements not enclosed by heavy lines on - Figure 4—13 are standard STR sub-

systenm which are used by and Interface with the C & D function. The -remainder of

this section is devoted to a description of a C & D system which would meet performance - 

-

requirements for support of the STE payloads and ~~ uld also meet the programmatic

requirements of mission to mission adaptability (modular system). Specific Items

for discussion are CPU, memory and control and display hardware, and operaling
system software. A treatise on software Is presented since software is and will
continue to be a cost driver.
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The computer systems listed on Table 4- 7- are typical space qualified equipment that

4~~ I COMPUTER POWER COST MANUFACTURERS

~~

- 

~ LSI- ll 25 W $100/200 K DIGIT AL EQUIP)~ NT CORP... _______________________ _________________ ____________________ __________________________________________________

— -  

- PDP-l134 - ~ - 
300 W $100/ZOO i~ NORDEN

I. ~ 
ALPHA -l6 ~ 12 W $500 K GE (DSCS)

-. - PCS-1880 - j - PROCE SS COMPUTER SYSTEMS (ACPL)

NSSC-l 50 V 1 $250 K IBM (FOR NASA)

CDC469 9-20 W $200-300K I CONTROL DATA COR PORATION
Table 4-7 Typical Computers

- are representative of those which could per-form the STh payloads task. There are

certainly others which could do the job but time and resources -did not pi~~~t a

complete industry survey . If a choice were to be made today, the LSI-II would be

- 
selected with the Alpha-l6 as a second choice. The primary reason for selecting

either of these devices in a typical system is that both are a member of a “family”

of computer s which are very prevalent among the users of computational equipment

i.e. the DEC PDP-ll series. Each of these machines meets all of the requirements

I 
- 

defined for STS use. It is emphasized that software considerations drive the

hardware choices. The discr lmitmtor for recommending these mach ines is

I ~ 
that by virtue of their being members of a broad based , heavily used fami ly of

computers the tasks of develop ing and integrating software to run these machines

- is mad e less burdensome . Since new software will be developed for each STh

- mission this is an important consideration. The following factors support this

conclusion:

. A large pool of trained, competant PDP-ll analysts and programmers already

exists from which to draw personnel necessary -to develop , test , and integrate

the software for each STh flight.

El - -
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• A versittis library of proven support software already exists and can

be used directly. This library includes assemblers, compilers, interpreters,

linkers, loaders, debug tools, etc.

• A complete repetoire of programsing languages is supported. The standard

assembler language, Fortran , and COBOL languages are available and it is

not necessary to devise new language..

• Since we have defined a member of a family of computer. there is flexability

in the system which permits developing and testing flight software on non-

flight hardware and then transferring the software to flight hardware with-

out modification.

4.5.2 Dis~lav Unit And Keyboard

The capabilities and flexabilittes of this unit is a key element in the overall

design of the control and display subsystem. There has been a significant amount

of work done in defining a display system to support the orbiter payloads control

function. Due to the physical constraints on the Aft Flight-Deck a display system

supporting sul.tipla functions is required. A sumsary of available typical ui~lti-

function display syst~~s is shown in Table 4-8 • The ideal STR control system is

a combination of the systems on Table 4-8 and is illustrated by an * on the items

in the referenced table. The CRT/Keyboard display device characterized in Table 4-8

does not exist. However , it is within the capability of existing technology. The

concept as illustrated in Figure 4-l4witl provide all the control functions required. F
The display area is large enough to allow meaningful display. to be presented to the

payload specialist. There are 2 keyboards available for use by the Payload Specialist.

The alphanumeric keyboard allows the maxtimnu flexability for controlling STR payloads .

L The 4 x 4 prograemed function keyboard allows each of the 16 keys to~ be defined as

whatever function is required by the payload being controlled . This provides maxisum
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f l e~dbUtty within the hardw are system.

4.5.2.1 Alternative Conc~~t 
-

In recogni*ion of the fact of life which says that technology Is advancing at a rapid rate ,
GE has identified an alternate control and display concept which advances the state of
the art while it simultaneously provides support for both test and operations of shuttle
payloads. The device shown In Figure 4-15 could be called a suitcase science data
system. All items shown are contained within a briefcase sized device which if developed,
could support all control and display requirements of STB payloads from inception through
development and test and operations The device could be stowed in the shuttle (See Section
4.3) and activated as required. Storage would be In lockers A-16 or A-17 on the AFD If
available or on the mid-deck below the floor. When retrieved and set-up it could be
connected to power and the control system on one of the AFI) payload panels. The unit
could be operated on the AFI) or the mid-deck.

The alternative to self-contained panel mounted equipment Is shown In FIgure 4-15.

KD11-F M~~~~~~~~~~~~~~~~~- INT ERFA CE TO

FLAT PANEL ~~~~~~~~~~~~~~~~Dts~ A:~~~~~

(

~~~~~~~
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[1 PIgure 4-15 Self-ContaIned Control Equipment

,~ ll 91

— - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



,~ 
__ __.,

~~~. ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~ .~~
_ — _ - _ -.-

~~
—,———- _ _ _ __  

~~~ ._— - — ~_ 

This is a control and display unit which provides a system outpu t medium, an •

alphanumeric keyboard , and a functional keyboard which can be pro gra meed for any

specific function. The unit is a scientific data system Control and disp lay unit.

It has been designed by R. Croston and Associates of Houston , Texa s for the test 
-

~

and checkout of individual experiments by principal investigators in their labor-

aton es. It contains a microproce ssor for intetfacing but computational capabi lity 
• -

4*1st be provided by a computer mounted on STR or on an APD panel. - It is proposed

that this concep t could be extended to the on orbi t situation in a manner whereby

the control and display for each payload would be a separate suitcase controller , 1.
stowed on board on the AFD or In the mid-deck area until needed. This could get arou nd -

on AFD space problem and Increase the number of potential missions on which DOD I .
payloads could be flown .

4.5.3 Payloads Control Software

Development, testing , and integn~tion of software for STR payloads will be a

major driver in determination of cost. Previous paragraph s have attempted to

illustrate the cost savings to be derived from selecting a hardware system which 1.

is proven and provides the software tools to support the development , testing and -

integratio n of softwar e for each STR flight. There is a significant body of soft-

ware which can be defined and used for each flight . This software can be defined
- as an operating system but it includes far more capability than the system manage- 

-

• ment functions typica lly associated with an operating system.

The SIR Payloads Control Operating System which would be required would be composed

of the normal data system control and management functions but would also provide [1
a sthMard menu of functio ns with which payloads would be required to comply. Specifics

are d.fined below: fl
. A table driven display system where each pay load element defines graphics
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I and alphanumeric displays to the software system .

o All payload parameters would be displayed In engineering units and necessary

3 tables to convert raw data to engineering units Is required.

o The software will accommodate Interfaces for payload unique programs to

11 acquIre and display data.

jj Perhaps the most delicate data system task for any mission Is the Integration and test

of the set of application software which is going to fly. The delicacy of this task is

V derived from the fact that there could be single or multiple experiments flying on any
L one mission . Each experiment has Its own goals to be achieved yet the total mission

must achieve the goals of many experiments. It is essential that the variables of

software development test, and Integration be recognized and accommodated In the overall
- hardware and software system. It is suggested that a well known hardware system be

-•  adopted. Concurrently, a well defined software environment should be established . There

is a plethora of software options open to a payload developer who hopes to fly on STR .
L We strongly recommend limiting the application software options open to any payload developer

(1 to those shown, on FIgure 4—16. These options are:

1. Software for control and data display ç~t~ using other than the orbiter systems.

2. Software using both C & 1) and Orbiter systems where orbiter system capability

• is necessary .
- 3. Software using the orbiter system only where the need Is very small not

meriting a separate system.

The key software Issue will be putt ing together a compatible set of mission software.
Certain capabifities should be provided as standard functions to which each payload

developer must conform. These are: display formats , time acquisition, limits and
• threshold checking and alarm display and formatting for output . -
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• 4.5 k.co~~~’ed.d Iauinmant

• j  4.5.1 Controls Annroacb.

The best mode of providing control capability for DOD pay load s is to utilize a

j j~ dedicated system located on the Orbiter AFD . This equipment should be augmented

whenever possible b7 the standard orbiter equipment such as the Standard Switch

Panel , the video display, the pointing control capability . Even though some

-- missions will not requir e the full capability or even the use of man, this system

designed in a modular concept will provid e for ‘ the large variety of DOD payloads

in the five families identified in this study. The Orbiter and Spacelab controls

- 
are not reco~~ended because of competition for their used by Orbiter systems,

• Spacelab systems and other payloads . Using Space].at~ controls would limit the
missions to Spacelab flights, slhce the Spacelab flight schedules will not permit usage of -

- the Spacelab control equipment except on Spacelab flights . In add ition, lower software and

• Integration costs are predicted for the dedicated system approach as compared to either
- j • Orbiter or Spaoelab controls. The dedicated system provides maximum contro ls availability,

minimum interface with the Orbiter and the resulting flexibility and ease of Integration

I characteristic of the full up 5Th concept. .

• Th. dedicated system mode is not without its implementation problems . Such a system

would be competing with other payloads and systems for AFD resources such as space ,

• power , cooling , electri cal coimectors, and crewmen time. Some alterna t ives are

availible and have been investigat ed in this report. (i.e., the self-contained

• “suitcase ” approach to alleviate space crowding).

• 

• 1_.
The dedicated controls approach appears to be the trend as evidenced by the

following syst~~~ which utilize it. (S.. Table 4-9)

U
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Table 4-9 Control Mode Survey

• 

I_ _ _ _ _  
CONTROLS ______

U~~R SYSTEM I DEDICATED OE3ITER SPM~ LA)
IUS X
SSUS x
TRS • X
ACPL (Atmospheric Cloud Physics Laboratory) X
Lfl)AR (Light Detection and Ranging) X - 

-

lIPS (Mat erial Processi ng System) X
WS (Ma lti-aission Modular Spacecraft ) X

The SSUS and MMS utilize OrbIter controls for a relatively short period of time to

accomplish a system check , latchi ng release and deployment from ~he Orbiter bay. The

ACPL, LIDAB and MPS are Spacelab payloads and still utilize dedicated control approaches

(proposed made for LIDAR) . Since It is probable that DOD STP payloads would fly with

other prime payloads an analysis of the AFD panel space available was made and the results

are shown on Table 4-10. The panel availability to STP would depend on what other NASA

or DOD payloads fly’ on any manifested flight.

Table 4-10 AFD Panel Availability

_ _  
• _ _ _ _ _ __ _ _ _

‘ORBiTER AFD PAN ELS * AFD PANELS * SOURCE OF

~‘AYLOAD USED AVAILABLE : PANEL USE
ELEMENT TO NASA AND DATA
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

DOD PAYLOADS - _ _ _ _ _ _ _ _ _ _ _ _ _ _

(IS L-ll Ru , LlO, L12 AT office at JSC

SUS R12, HALF L-12 Eli , LlO, Lil, HALF L12 MDAC Telecomm.

4148 R12, HAL F L-12 Rh , Lb , LIl, HALF L12 GSFC Telecomm.
rES L-il Ru , Ll0, L12 MSFC Telecomm.

PACELAB Eli , Lll NON E TO JSC Meeting &
LlO , L12 SPAH*

* Spacelab Payloads Accommodation HarnB,ook, ESA SLP/2104, 30 June 1977.

• A summary of the advan tages and disadvantages of a dedicated payload control system

Is contained In Table 4-11. 
-

~ 1
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Table 4- 11 Advantages and Disadvantages of a Dedicat ed Pay load

L Control System

S ADVANTAGES DISADVANTAGES I
• INDEPENDENT OF O~L1iER EEPERI)~ N’rS . MURE HARDWARE REQUIRED
• FREEDOM OF FORI4&T • COMPETITION FOR AFD

• 
.. 

. . EASE OF TEST AND Dfl~EGRATION RESOURCES
. NO EXTENSIVE GROUND

SIMULATORS REQUIRED
• LOWER SOFtWARE COSTS
. LOWER SOFTWARE INTEGRATION COSTS
. OPTIONS FOR GROUND CONTROL

1. . MININAL GSE
o SECURITY NEED

4.5.2 Dedicated. Controls EauiDment List

- The resulti ng list of equipment requir ed is given in Table 4- 12.

Tab le 4- 12 List of Dedicated Payload Controls Equipment

Display Panel
CiT (Graphic ., Video)
Contro ls

Display Electronics Unit
- Keyboard (Alphanumeric)

Switching Module S

Swit ches
• Indicator Lights

- Cou~uter System P4c~dular )
- • OPU

M~~oriesLi I/O Interface Digital
• I/O Interface Serial

Harn esses • 
. S

S F~EM (STE Mounted)
Co~~~nd Encoder (STE Mounted)
Buffer (Added element)

STR Telemet ry Unit
STE P/L Interface Unit

• Standard APD Panel
Support Equipment

Li • BOSE .
• Ii. iiit snance Kits

Ground
1J Airborne

Shipping Containers
Orbiter Simolator (Limited)
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